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►  !'(►  AK.MS  .  .  .  While  Coiijiress  pon¬ 
ders  the  weijrhty  questions  «)f  eonserip- 
tion  and  of  plant  amortization  and  of 
excess  profits  taxes  (and  listens  to  the 
way  the  wind  blows  hack  home)  the 
nation  as  a  whole  w’onders  why  so 
little  evidence  can  he  seen  that  we  are 
really  trettinjr  down  to  brass  tacks  on 
this  rearmament  business.  .Most  of  the 
piHtple,  we  believe,  are  convinced  that 
a  superior  army  and  navy  made  up  of 
rejrulars  and  trained  men  in  reserve, 
well  equipped  with  imxlern  machines 
of  war,  with  modern  ideas  of  combat 
backed  by  the  population  with  a  strong 
spirit  and  a  hard  heart  will  be  suffi¬ 
cient  sujrjrestion  to  any  possible  in¬ 
vader  to  stay  at  home.  Most  of  us  be¬ 
lieve  that  weak  people  .seldom  attack 
stronpr  people;  and  that  a  man  with 
strong  arms  trained  to  the  manly  art 
seldom  gets  pushed  around. 

Readers  of  Klectrotiics  have  a  con¬ 
siderable  responsibility  in  the  awaken¬ 
ing  of  America  to  the  fact  that  we  are 
not  i.solated  in  this  world,  that  oceans 
are  not  real  but  only  illusory  barriers; 
for  readers  of  ElectrouicH  are  not  only 
the  means  by  w’hich  communication 
throughout  the  world  brings  people 
within  almost  instant  touch  with  each 
other,  but  they  are  the  means  by  which 
a  modern  protective  fighting  system 
will  get  its  communication  ears  and 
eyes. 

It  is  our  responsibility,  therefore,  to 
insist  that  our  representatives  in  Wash¬ 
ington  get  down  to  brass  tacks,  that 
they  take  their  eyes  off  the  election 
calendar  long  enough  to  enact  the 
proper  legislation.  It  is  our  responsi¬ 
bility  to  see  that  the  armed  services 
first  know  what  kind  of  communication 
equipment  can  be  provided,  what  the 


new  art  is  going  to  be  and  not  what 
the  old  art  was;  and  having  demon¬ 
strated  what  can  be  done,  to  jiroduce 
what  the  services  need  at  the  utmost 
expeditioji. 

►  .M.K.S.  .  .  .  Readers  of  Elect rouics 

will  do  well  to  get  better  accjuainted 
with  the  meter-kilogram-second  sys¬ 
tem  of  units  internationally  accepted 
but  not  widely  publicized.  Many  do  not 
know  that  with  these  units  one  can 
work  out  from  first  principles  prob¬ 
lems  in  antennas,  electron  optics,  wave 
propagation,  and  what  have  you,  using 
volts,  amperes,  ohms,  and  the  other 
practical  units  from  start  to  finish. 
The  procedure  heretofore  has  been  to 
start  with  the  c-g-s  electrostatic  sys¬ 
tem  or  the  electro-magnetic  system, 
then  convert  everything  to  volts,  am¬ 
peres.  etc.,  in  order  to  get  equations 
for  experimental  checking  or  design. 
Sometimes  it  has  been  thought  best  to 
use  both  c-g-s  systems  in  the  same 
analysis,  in  which  case  it  is  a  good  man 
who  can  keep  his  wits  about  him.  The 
m-k-s  system  is  the  one  likely  pos¬ 
sibility  of  uniting  all  theoretical  and 
experimental  work  with  engineering  in 
an  arrangement  which  includes  the 
units  with  which  most  electrical  appa¬ 
ratus  is  actually  graduated.  A  testi¬ 
monial  by  F.  B.  Llewellyn  in  the 
October  1935  Bell  System  Technical 
Joanial,  page  634,  who  is  a  convert  of 
recent  years,  can  be  read  with  value. 

The  m-k-s  units  were  adopted  inter¬ 
nationally  and  some  further  steps 
taken  before  the  dark  cloud  of  war 
descended  on  the  earth.  There  remains 
the  matter  of  rationalization  of  Heavi¬ 
side’s  contribution  to  the  subject  of 


units;  on  this  we  only  wish  to  point 
out  that  this  question  does  not  pre¬ 
vent  any  worker  from  making  his  own 
choice  and  obtaining  the  benefits  of  the 
new  system  now. 

There  are  three  items  of  literature 
which  are  outstanding.  First,  Harn- 
well’s  excellent  text  “Principles  of 
Electricity  and  Electromagnetism” 
using  the  new  system  throughout;  sec¬ 
ond,  Jauncey  and  Langsdorf’s  little 
volume  on  the  system;  and  third,  Crit¬ 
tenden’s  recent  survey  of  electrical 
units  and  standards  in  the  .\pril  1940 
Electrical  Engineering. 

►  THUNDER  .  .  .  Weather  condi¬ 

tions  have  been  ideal  in  the  vicinity 
of  New  York  City  within  the  past 
month  for  anyone  possessing  an  A-M 
and  an  F-M  set  to  convince  himself  of 
the  efficacy  of  FM  on  u-h-f  as  an  anti¬ 
dote  to  natural  static.  Several  times 
your  editor  has  been  aware  that  a  rip- 
snorter  thunder  storm  was  going  on 
only  because  the  dog  began  to  howl, 
said  dog  not  liking  thunder  and  light¬ 
ning.  This  reminds  us  of  Major  Arm¬ 
strong’s  statement  before  the  Radio 
Club  of  America  in  January  1936  that 
in  time  the  thunder  coming  through 
the  window  would  be  worse  than  the 
static  coming  from  the  loud  speaker. 
This  is  definitely  true,  now. 

We  have  one  trouble,  though. 
W2XOR  emits  vertically  polarized 
signals;  the  others  use  horizontally 
polarized  signals.  This  calls  upon  us 
to  provide  two  antennas  with  some 
sort  of  switch;  a  distinct  nuisance. 
The  standardization  bodies  must  han¬ 
dle  this  little  problem  after  sufficient 
information  has  been  gathered. 
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CENTRALAB  SERIES  II 

Controls  are  the  finest  for  input  circuits  in  broadcast  stations, 
public  address  systems,  and  recording  apparatus  of  new  or 
old  design.  Will  prove  faultless  in  the  most  critical  service. 

The  curve  chart  above  shows  the  change  in  impedance  and 
attenuation  plotted  against  clockwise  rotation  for  a  "T"  pad 
attenuator.  The  impedance  characteristic  (dotted  line)  is  sub¬ 
stantially  the  same  at  any  setting.  The  attenuation  curve  (solid 
line)  varies  from  infinity  at  zero  rotation  to  zero  Db.  at  full 
rotation.  No  insertion  loss. 

Electrostatic  and  electromagnetic  shielding  provided  by  a  black 
finished  steel  case.  Bakelite  screw  type  terminal  strip  on  back 
of  case.  All  resistance  elements  insulated  from  shaft  and  bush¬ 
ing.  Single  hole  mounting.  Mounting  bushing  Vk"  long  with 
2  locknuts  and  lockwashers.  Case  diameter  23^".  Depth  back 
of  panel  "T"  Pad  —  2%";  Gain  Control  —  1%".  Maximum 
load  dissipation  1  watt. 

For  detailed  iniormation,  write  for  technical  booklet. 

CENTRALAB:  Division  of  Globe-Union  Inc. 
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ECONOMY  P/A 
CONTROLS 

These  controls  are  intermedi¬ 
ate  to  the  series  II  line  and 
the  older  series  I  types.  As 
their  name  implies,  they  are 
economy  controls  designed 
primarily  for  inexpensive 
sound  equipment,  where  orig¬ 
inal  cost  is  a  limiting  factor. 
They  are  designed  for  all 
types  of  fading  and  mixing 
systems.  All  units  have  soft 
aluminum  shaft  IVa"  from 
end  of  Vs"  brass  bushing. 
Small  diameter  bakelite-  case 
same  dimension  as  Standard 
Radiohm.  Non-rubbing  con¬ 
tact  for  smooth,  quiet  opera¬ 
tion.  Limited  to  input  applica¬ 
tions.  Maximum  power  rat¬ 
ing  for  all  units  one  watt. 


2 


Septpmhpr  1940  —  ELECTRONK'-S 


FM-105  HOURS  PER  WEEK 


I  sinj;  the  first  of  the  new  **synehroiiize<l'*  transmitters.  ^OK's  f-ni  station  stays  on  tlie  air 
daily  from  9  in  the  morning  to  midnight.  The  lOOO-watt  installation  represents  a  eoor- 
dinated  design  to  make  the  most  of  the  wide-range,  low -noise,  and  low-distortion  advan¬ 
tages  of  f-m  transmission 


THH  inauguration  of  W2X()R. 

the  freciueney-modulated  outlet 
of  won,  the  Bamberger  Hroadca.st- 
iiiK  Service,  in  New  York,  is  worthy 
of  special  mention  on  several  counts. 
It  is  one  of  the  few  f-m  stations  in 
the  country  operatin^r  on  a  schedule 
as  extensive  as  that  of  the  usual 
standard  broadcast  station,  15 
hours  per  day,  9  in  the  morning  to 
midnight,  seven  days  a  week.  With 
this  expanded  service  have  come  the 
usual  i)roblems  of  providing  the 
necessary  staff  and  working  out 
testing  and  maintenance  routines, 
which  have  not  yet  been  faced  by 
the  majority  of  f-m  stations  now 
operating.  In  the  .second  place, 
W2XOR  employs  a  new  type  of 
transmitter,  based  on  the  principles 
recently  revealed  to  the  I.R.E.  Bos¬ 
ton  Convention  by  J.  F.  Morrison 
of  the  Bell  Telephone  Laboratories. 
The  transmitter  is,  in  fact,  the  first 
of  its  type  put  into  regular  broad¬ 
cast  operation.  Thirdly,  the  entire 
installation,  studios,  speech  equip¬ 
ment  and  projrram  lines,  has  been 
designed  for  h)w  distortion,  wide 
dynamic  rantre,  and  extended  fre- 
(piency  respon.se  commensurate  with 
the  capabilities  of  the  transmitter 
it.self.  The  operators  claim  in  fact 
that  there  is  no  receiver  or  monitor 
now  available  commercially  which 
can  do  justice  to  the  transmission. 
This  .sounds  a  bit  on  the  prejudiced 
side,  but  the  claims  are  backed  up 
l)y  impressive  measurements.  P'or 
example,  a  recent  distortion  run 
through  the  ranjre  from  50  to  7,500 
cps  ( the  limits  of  the  distortion 
meter  available),  taken  overall  from 
microphone,  through  the  speech  in¬ 
put  circuits,  pro;rram  lines,  limitinj? 
amplifier,  transmitter,  radiator,  and 
monitor  showed  an  overall  distor¬ 
tion  of  1.1  per  cent  at  full  modula¬ 
tion,  that  is,  at  75-kc  .swintr  each  side 
of  the  center  frequency.  This  is 
low  distortion  indeed,  considering 


the  fact  that  the  entire  transmis¬ 
sion  .system  was  measured  in  the 
process. 

The  transmitter  is  located  on  the 
42nd  floor  of  the  building  at  444 
Madison  Ave.,  New  York,  in  a  lar^e 
room  directly  beneath  the  roof.  The 
coaxial  transmission  line  to  the 
radiator  extends  directly  from  the 
transmitter  upward  through  the 
roof,  where  it  is  supported  on  a  53- 
foot  pole  and  terminates  directly  in 
a  vertical  half-wave  rod  of  the 
coaxial  radiator  type.  The  antenna 
height  is  about  620  feet  above  sea 
level.  The  transmission  line  is 
ISths  inch  in  diameter,  although 
A-inch  would  have  been  sufficient, 
but  as  the  supervisor  .says,  “that 
last  0.2  db  was  worth  it.”  Five 
other  coaxial  lines  lead  to  the  roof, 
one  for  f-m  transmi.ssions  of  experi¬ 
mental  nature  of  26.3  Me,  one  for 
a  u-h-f  cue-channel  a-m  transmitter, 
one  spare,  and  two  small  lines  for 
receiving  purposes.  The  use  of  ver¬ 
tically  polarized  waves  is  a  dejiar- 
ture  from  usual  f-m  practice.  The 
coaxial  antenna  was  adopted  be¬ 
cause  it  concentrates  energy  in  the 
horizontal  plane  in  a  very  simple 
and  direct  manner.  Moreover,  ver¬ 
tical  polarization  makes  possible  the 
u.se  of  a  simple  non-directional  re¬ 
ceiving  antenna,  that  is,  a  vertical 
half-wave  rod. 

Studio  and  Speech  Circuits 

Studio  Number  One  of  WOR  at 
1440  Broadway  has  been  fitted  with 
a  new  console  to  suit  it  particularly 
to  the  needs  of  f-m  broadcasting. 
All  of  the  transmission  circuits 
from  microphone  to  telephone  line 


The  three  vertically-polarixed  coaxial  an¬ 
tennas  atop  444  Madison  Avenue,  New 
York.  The  center  radiator  is  used  for  i-m 
transmissions  on  43.4  Me.  the  others  for 
low-power  developmental  transmissions 
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terminals  are  fiat  within  one  db 
from  30  to  15,000  cps,  with  noise 
better  than  60  db  below  maximum 
operating  level.  Stabilized  feedback 
has  been  used  to  reduce  the  distor¬ 
tion  to  negligible  proportions.  Six 
microphone  channels  and  mixers, 
the  usual  regular  and  emergency 
master  gain  controls  and  a  standard 
“vu”  type  volume  indicator  are 
provided.  A  tran.scription  turntable 
is  located  directly  to  the  operator’s 
right. 

The  monitor  speaker  system  is 
unusual  in  that  three  separate 
speakers  are  used,  a  low  frequency 
speaker,  and  two  high  frequency 
horn-type  tweeters  mounted  in  one 
enclosure.  This  monitor  speaker  is 
mounted  on  the  wall  of  the  transmit¬ 
ter  room. 

The  lines  from  studio  to  trans¬ 
mitter  have  been  equalized  to  match 
the  rest  of  the  system.  Two  dupli¬ 
cate  lines  over  different  paths,  both 


Electromagnifier . .  .  The  useful  magnification  of  this  electron  microscope,  recently 
developed  at  the  RCA  research  laboratories  in  Camden,  exceeds  that  of  the  best  optical  microscopes  by  at 
least  100  times.  The  inset  shows  an  electron-optical  image  of  the  micro-organism  which  causes  whooping 
cough.  The  scale  mark  is  one-thousandth  of  a  millimeter  long 
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Simplified  diagram  of  the  modulator,  otcillator,  and  frequency-control  syitem  of  the  new 
transmitter,  built  by  Western  Electric  from  designs  by  the  Bell  Telephone  Laboratories 


about  3  miles  long,  are  used.  The 
measured  characteristics  are  rather 
remarkable:  within  0.4  db  from  30 
to  15,000  cps,  2  db  to  20,000  cps,  and 
18  db  to  30,000  cps. 

The  Station  Setting 
The  station  room  itself  is  in  the 
form  of  an  L,  90  feet  long  by  16  feet 
by  40  feet,  with  a  20-foot  ceiling. 
On  the  same  floor  are  located  the 
controls  and  motors  for  the  elevator 
system  of  the  building,  so  a  double¬ 
door  acoustic  lock  has  been  built  to 
eliminate  noise  from  that  source. 
The  walls  of  the  transmitter  room 
have  been  thoroughly  treated  acous¬ 


tically  with  obliquely-set  panels  of 
sheet  rock,  covered  with  high-  and 
low-frequency  absorbing  material. 
The  result  is  that  the  transmitter 
room  is  quiet  and  adequate  acous¬ 
tically  to  allow  monitoring  the  out¬ 
put  of  the  transmitter. 

The  transmission  equipment  con¬ 
sists  of  a  console,  containing  ampli¬ 
fiers  identical  to  those  in  the  studio 
console,  four  racks  for  speech  input 
and  test  equipment  and  the  trans¬ 
mitter  itself,  which  is  built  in  two 
.sections,  one  for  frequency  control 
and  modulation,  the  other  for  r-f 
amplification.  The  speech  input 
equipment  contains,  in  addition  to 
the  usual  amplifiers,  a  limiting  am¬ 
plifier  which  is  set  to  prevent  modu¬ 
lation  beyond  the  75  kc  swing  pre¬ 
scribed  by  the  F.C.C.  This  amplifier 
is  of  a  new  design,  and  has  distor¬ 
tion  so  small  that  it  cannot  be 
detected. 

Beside  the  speech  rack  are  a  short¬ 
wave  receiver,  a  heterodyne  fre- 


Alfred  Wallenitein  and  J.  R.  Poppele. 
Chief  Engineer,  examine  the  innarde  of 
the  new  console  installed  in  WOR's 
Studio  One  especially  for  f-m  broadcasting 


Charles  Singer,  technical  supervisor,  be¬ 
fore  the  new  f-m  transmitter.  The  bay  at 
the  left  contains  the  modulator  and  fre¬ 
quency-control  circuits,  that  at  the  right 
the  frequency  multipliers  and  output  stage 


quency  meter,  a  400-cps  tone  genera¬ 
tor  and  a  frequency-limit  monitor. 
The  heterodyne  frequency  meter  is 
used  to  check  the  freiiuency  devia¬ 
tion  of  the  transmissions  in  the 
following  manner:  the  transmitter, 
unmodulated,  is  brought  to  zero 
beat  with  the  freijuency  meter  to 
establish  the  average  or  center  fre¬ 
quency,  Then  400-cps  tone  is  applied 
to  the  transmitter.  At  this  low  fre¬ 
quency,  the  limits  of  major  side¬ 
bands  are  located  at  the  edge  of  the 
frequency  swing.  The  limits  are 
established  by  tuning  the  frequency 
meter  each  side  of  the  previously 
established  center  frecpiency  until 
no  beats  are  heard.  The.‘>e  points  are 
taken  as  the  deviation  l.mits  of  the 
transmission,  for  the  particular 


4 


volume  level  employed  during  the 
measurement.  The  measurement  is 
repeated  for  several  readings  of  the 
volume  indicator  to  establish  the 
relation  between  audio  level  and 
frequency  swing,  which  must  be 
linearly  related  from  zero  to  the  full 
swing  of  75  kc. 

The  station  contains  a  fully 
ecjuipped  workbench,  tools  and  sup¬ 
plies,  as  well  as  a  movable  measure¬ 
ments  table.  A  signal  generator, 
vacuum  tube  voltmeter,  Q  meter, 
tube  checker,  decade  resistance 
l)o.\es,  utility  power  supplies,  distor¬ 
tion  meter,  and  continuity  test  me¬ 
ters  are  the  standard  test  equipment. 
Two  spare  tubes  for  every  one  in 
the  transmitter  are  kept  on  hand. 


db  from  the  modulation  level  cor¬ 
responding  to  plus  or  minus  100  kc 
deviation. 

The  principle  employed  in  the 
transmitter  differs  from  the  two 
designs  previously  available,  the 
Armstrong  modulator  and  the  Cro.s- 
by  modulator.  The  Armstrong  sys¬ 
tem,  it  will  be  remembered,  obtains 
frequency  stability  by  the  use  of 
phase  modulation  of  a  low-fre¬ 
quency  crystal-controlled  source,  fol¬ 
lowed  by  freipiency  multiplication. 
The  VV'2XOR  transmitter  (.using  the 
principle  developed  by  the  Bell 
Laboratories)  on  the  other  hand 
uses  direct  frequency  modulation  of 
a  modified  Crosby-type  oscillator, 
and  obtains  frequency  stability  by 
frequency  dividing  the  output  of  the 
oscillator  and  comparing  frequency- 
divided  signal  with  the  output  of  a 
low-frequency  crystal.  This  prin¬ 
ciple,  by  the  way,  has  been  in  use 
for  some  time  for  the  synchroniza¬ 
tion  of  broadcast  transmitters  via 
telephone  line  connections. 

The  diagram  shows  the  basic  cir¬ 
cuit  u.sed  for  frequency  modulation 
and  frequency  control.  The  audio 
frequency  input  at  the  left,  having 
pa.s.sed  through  a  frequency  pre¬ 
emphasis  circuit,  feeds  two  balanced 
reactance  control  tubes.  These  con¬ 
trol  tubes  are  fed  r-f  in  their  cathode 
circuits,  the  r-f  being  supplied  by 
the  oscillator  tubes  and  tank  circuit 
next  to  the  right.  The  r-f  voltage  is 
passed  to  the  reactance-tube  cathodes 
through  a  phase-shift  network 
which  insures  that  the  r-f  plate-to- 
plate  voltage  across  the  reactance 
tubes  is  90  degrees  lagging  the  cur¬ 
rent  in  the  oscillator  tank  circuit. 
Hence  the  reactance  tubes  act  as  a 
capacitance,  the  value  of  which  is 
controlled  by  the  audio  applied  to 
the  reactance  tube  grids.  The  oscil¬ 


lator  is  thereby  frequency  modu¬ 
lated.  Any  tendency  to  amplitude- 
modulate  the  oscillator  (which 
occurs  if  the  reactance  tube  output 
voltage  is  not  exactly  90  degrees 
out  of  phase  with  the  tank  coil 
current)  is  inhibited  by  the  use  of 
negative  feedback  in  the  o.scillator 
circuit,  introduced  by  a  choke  in  the 
common  cathode  circuit  of  the  oscil¬ 
lator  tubes.  The  output  of  the  fre- 
•luency-modulated  oscillator  is  then 
passed  through  a  buffer  stage  to 
three  doubling  stages  the  final  stage 
of  which  produces  the  desired  car¬ 
rier  frequency  tin  the  case  of 
\V2XOR  this  is  43.4  Me).  The 
doubling  stages  are  operated  in 
class  C,  as  is  usual  in  f-m  transmit¬ 
ters.  The  final  stage  employs  two 
air-cooled  type  357A  tubes  in  push- 
pull. 

The  frequency  control  is  obtained 
by  taking  a  portion  of  the  output 
of  the  buffer  stage  (at  the  input  to 
the  frequency  multiplying  stages) 
and  passing  it  through  a  succession 
of  ten  two-to-one  frequency  dividers, 
which  introduce  a  frequency  division 
of  1,024  times.  At  the  output  of  the 
final  frequency  divider  the  signal  is 
thus  reduced  to  the  neighborhood  of 
5,300  cps.  The  output  of  a  crystal 
controlled  oscillator  operating  at 
about  84  kc  is  likewise  frequency 
divided  to  the  neighborhood  of  5,300 
cps.  The  two  5,300-cps  sources  are 
applied  through  balanced  amplifiers 
to  two  windings  of  a  split-phase  in¬ 
duction  motor,  whose  rotor  will 
respond  to  a  rotating  magnetic  field. 
The  rotor  is  connected  mechanically 
to  the  balanced  tuning  capacitors  in 
the  tank  circuit  of  the  modulated 
o.scillator  so  that  it  may  correct  the 
frequency  whenever  necessary. 

The  frequency  -  control  circuit 
{Continued  on  page  61) 


The  Transmitter  Proper 

The  transmitter  specifications  re¬ 
veal  it  to  be  a  very  highly  engineered 
job.  The  frequency  stability  is  plus 
or  minus  1,000  cps  for  any  assigned 
carrier  freijuency  in  the  range  from 
42  to  50  Me,  and  this  stability  is 
achieved  by  the  u.se  of  a  single  non¬ 
temperature  controlled  crystal.  While 
this  stability  is  well  within  the  re¬ 
quirements  .set  by  the  F.C.C.,  further 
stability  may  be  obtained  by  the  u.se 
of  temperature  control.  The  fre¬ 
quency  response  is  flat  within  plus 
or  minus  1  db  from  30  to  15,000  cps. 
The  frequency  deviation  limits  are 
plus  or  minus  150  kc.  At  the  F.C.C. 
recommended  value  of  plus  or  minus 
75  kc,  the  harmonic  distortion  is  less 
than  2  per  cent  throughout  the 
range  from  30  to  15,000  cps,  the 
measurement  including  all  har¬ 
monics  up  to  30,000  cps.  A  program 
level  of  0  vu,  or  a  single  frequency 
signal  of  plus  8  vu,  is  sufficient  to 
produce  a  deviation  of  plus  or  minus 
100  kc.  The  pha.se  noise  is  down  70 


Left,  A.  J.  McCosker  of 
WOR  and  F.  R.  Lack  of 
Western  Electric  are  at  the 
microphone,  at  the  inaugur¬ 
ation  of  fulltime  serrice 


The  Major  pushes  the  but¬ 
ton.  E.  H.  Armstrong  seated 
at  the  transmitter  coi»ole 
puts  the  station  on  the  air 
as  Messrs.  Poppele  and 
McCosker  look  on 


WEAF,  Port  Washington 


When  a  pioneer  broadcast  sta- 

IT  has  been  said  many  times,  and  moves,  the  move  usually  liminary  surveys,  usin^  a  lOO-watt 

truthfully,  that  there  are  pen-  irom  a  location  outmoded  transmitter,  made  to  compare  the 

alties  attached  to  being  a  pioneer.  time  to  a  location  as  nearly  two  locations.  The  result  pointed 

This  axiom  applies  with  force  to  optimum  as  the  engineers  can  definitely  to  the  Long  Island  loca- 

the  broadcasting  business,  because  Und  and  the  executives  can  ac-  tion,  and  thereafter  all  efforts  were 

the  art  is  in  a  rapid  state  of  flux.  quire  by  negotiation.  The  trans-  directed  toward  obtaining  the  nec- 

What  was  good  practice  15  years  fer  of  WEAF  from  Bellmore  to  es.sary  unencumbered  title  to  the 

ago  is  just  a  mistake  today.  The  Port  Washington,  Long  Island  The  negotiations  make  in 

pioneer  making  the  best  use  of  involved  many  preliminaries,  them.selves  a  story  reminiscent  of 

money  and  brains  to  construct  a  resulted  in  an  excellent  tech-  Homer’s  Iliad.  In  this  case,  the 

station  usually  finds  that  the  com-  p„blem 

petition,  starting  at  a  later  date,  gineer,  Ray  Guy,  chief  of  the  Radio 

is  able  to  get  better  results  pos-  Facilities  Section,  who  conducted 

sibly  with  less  brains  and  less  the  negotiations  with  the  aid  of  the 

money.  It’s  disheartening  but  true.  So  the  need  to  relocate  WEAF  be-  legal  department.  The  final  result 

So  the  pioneer  finds  it  necessary  came  apparent  and  plans  were  made  that  nearly  $80,000  was  spent 

to  pull  up  stakes  and  start  over,  for  a  move  to  end  all  moves.  In  ter  50  acres  of  land.  This  is  be- 
making  use  of  the  best  current  prac-  other  words,  a  search  was  started  lieved  to  be  the  highe.st  price  ever 

tice,  and  thus  put  his  station  back  for  a  location  so  good  that  it  would  tor  a  broadcast  station  site, 

at  the  top  of  the  heap.  stand  the  test  of  time.  The  reasons  are  two :  (1 )  the  land 

All  of  which  is  the  plot  for  the  For  a  while  a  definite  decision  hs  located  in  a  township  noted  for 
latter-day  story  of  WEAF.  Make  was  delayed  by  the  possibility  of  Cadillac  and  Lincoln  cars  as  stand- 

no  mistake,  WEAF  is  not  now,  nor  500  kw  operation,  since  a  location  equipment,  and  (2)  the  N.B.C. 

ever  has  been,  a  second-rate  sta-  optimum  for  50  kw  would  not  be  authorities  considered  it  well  worth 
tion.  But  a  comparison  of  signal  optimum  for  500  kw,  not  by  quite  the  price.  The  location  is  some 
strengths  in  important  areas  in  New  a  few  miles  and  several  db  of  se-  eight  miles  nearer  to  the  center  of 
York  City  revealed  that  competing  lectivity.  But  when  500  kw  stations  ^  ork  than  Bellmore  (16  miles 

stations  were  consistantly  laying  were  officially  frowned  down  by  the  against  24  miles,  to  Columbus 

down  a  stronger  signal.  The  rea-  F.C.C.,  there  was  no  further  reason  Circle,  New  York).  But  miist  im- 
son  was  not  hard  to  find.  More  se-  to  delay.  The  search  for  a  loca-  portant  is  the  fact  that  the  path 
lective  receivers  had  permitted  the  tion  started  with  maps  and  ground  from  the  new  station  to  Manhattan 
location  of  stations  closer  to  New  characteristic  data,  and  led  after  Island  lies  directly  over  the  western 
York  than  had  been  considered  feas-  several  weeks  to  two  possible  lo-  ^*^^1  Long  Island  Sound.  The 
ible  in  1927  when  WEAF  was  estab-  cations,  one  in  New  Jersey,  the  high  conductivity  of  salt  water,  so 
lished  at  its  Bellmore  site.  Direc-  other  on  the  north  shore  of  Long  important  in  ground-wave  propaga- 
tional  antennas  had  added  to  the  Island.  After  considerable  negotia-  tion,  is  thus  available  for  extend- 
effectiveness  of  the  newer  stations,  tion,  options  were  obtained  and  pre-  the  high  signal  contours  well 


The  new  station  building  and  the  cooling  One  of  the  towers  viewed  through  the 

pond  as  they  appeared  early  in  August.  steel-work  of  the  other.  Separate  gas-filled 

The  station  was  scheduled  to  begin  test-  coaxial  lines  will  feed  the  towers  with 

ing  by  mid-September  signals  of  equal  amplitude 


□ANBURY 


NEW  HAVEN 


AIV/M. 


•  newton 


'AM  FORD 


[WHITE 

PLAINS 


M\/Mj 


MORRISTOWN# 


PORT  X 
WASHINGTON 


NEWARK 


BOUND 

BROOK 


RED  BANK# 


JRENTON 


Predicted  li^nal  contours  ol  the  new  transmitter  from  the  new  location,  which 
is  8  miles  nearer  New  York  than  Bellmore  and  adjacent  to  a  salt-water  signal 
path  directly  to  and  through  regions  of  dense  population 


Looking  up  through  one  of  the  two  towers  which  form 
the  directional  array.  The  array  seryes  to  produce  cm 
increased  signal  in  the  direction  of  New  York 


into  the  city,  while  the  six-mile 
separation  across  the  Sound  pre¬ 
vents  excessive  signal  strenKths 
(relative  to  the  F.C.C,  limitations) 
in  the  suburban  regions  of  West¬ 
chester. 

The  location  was,  in  the  opinion 
of  the  N.B.C.  authorities,  truly  in 
the  optimum  class.  But  jrettinp  the 
necessary  permission  and  clear  title 
was  a  horse  of  purple  hue.  It  took 
72  weeks  of  cajoling,  speech  making 
to  local  civic  and  patriotic  bodies, 
conferences  with  lawyers,  land 
a^rents.  title  investijrators,  real  es¬ 
tate  operators,  revision  of  zoning 
ordinances,  dealing  with  local  gov¬ 


ernments  and  of  all  things  a  sand¬ 
digging  company  before  the  way 
was  cleared. 

Then  came  the  matter  of  the 
tower  radiator.  A  single  tower  of 
some  740  feet  was  proposed  to  the 
F.C.C. ,  who  referred  it  to  the  Civil 
Aeronautics  Authority,  who  in  turn 
referred  it  to  every  organization 
that  could  be  concerned,  in  accord¬ 
ance  with  the  usual  procedure.  A 
nearby  airport,  maintained  by  a 
large  transoceanic  air  transport 
company  provided  certain  complica¬ 
tions  the  upshot  of  which  was  a  re¬ 
duction  of  the  maximum  tower 
height.  Since  the  full  high  field 
intensity  is  not  required  over  Long 
Island  Sound  and  the  ocean  to  the 
east,  the  new  station  will  use  a 
two-tower  directional  array.  This 
will  increase  the  field  moderately 
toward  New  York  and  inland  where 
it  will  do  the  most  good  without  de¬ 
priving  other  areas  of  service.  The 
antenna  will  produce  most  of  its 
field  in  the  North,  South  and  West, 
reducing  the  field  over  the  salt  wa¬ 
ter  to  the  h)ast.  Actually  the  power 
gain  toward  New  York  is  about  1.55, 
corresponding  to  a  signal  strength 
gain  of  about  1.23. 


over  different  paths,  are  flat  from 
terminal  to  terminal  within  0.8  db 
from  30  to  10,000  cps  in  one  case 
and  from  30  to  9500  cps  in  the 
other.  The  noise  is  70  db  below 
the  maximum  modulation  level,  and 
the  transmision  loss  is  8  db  on  one 
circuit,  11  db  on  the  other.  The 
tran.smitter  is  flat  from  30  to  16,000 
cps,  2  db  down  at  20,000  cps.  The 
noise  level  is  —65  db.  Distortion 
over  the  lower  section  of  the  audio 
range  is  less  than  2  per  cent  at 
100  per  cent  modulation.  The  fre¬ 
quency  stability  is  such  that  a  devia¬ 
tion  of  5  cps  is  unusual,  and  plus 
or  minus  1  cps  is  the  normal  range. 

The  transmitting  equipment  itself 
has  been  assembled  with  perform¬ 
ance  as  the  first  criterion,  but  at 
the  same  time  with  engineering 
economy.  The  task  of  moving  the 
transmitter  from  Bellmore  to  Port 
Washington  was  complicated  by  the 
fact  that  the  Bellmore  transmitter 
could  not  be  taken  off  the  air  until 
the  Port  Washington  installations 
was  complete,  tested  and  thoroughly 
shaken  down.  This  would  have 
meant  the  purchase  of  an  entirely 
new  transmitter  for  the  new  sta¬ 
tion,  but  for  one  fortunate  circum¬ 
stance.  The  high  power  50-kw 
stage  and  rectifier  power  supply 
of  an  R.C.A.  type  50B  transmitter 
were  available  at  station  WENR, 
Downer’s  Grove,  Chicago,  left  over 
from  a  changeover  made  there  a 


Headache  experts:  O.  B.  Hanson  and 
Raymond  Guy.  Chief  Engineer  and  Radio 
Facilities  Engineer  respectiyely  ol  NJ.C., 
relax  on  a  tower  foundation  alter  months 
ol  negotiating  lor  necessary  rights 


The  Transmitting  Equipment 
The  specifications  of  the  trans¬ 
mitter  leave  little  to  be  desired, 
judged  from  any  viewpoint.  The 
two  program  telephone  lines,  routed 
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NEW  STUDIOS  for  C  B  S. 


( .<>iitroile<l  aroiistirs  an*  a  Iraliirr  ol  (1.I5.S.  studios  in  tin*  loriiu*r  Jiiilliard  Srliool.  in  New 
^  orl\.  wliirli  were  etnistnieted  to  meet  tlie  ♦‘ver  |>re.'^ent  ileniands  of  radio  performers  for 
more  >|>aee  for  reliear>als  and  on-llie-air  |M“rformanees 


THK  trend  in  recent  years  to¬ 
ward  shortening  the  lenjrth  of 
Itroadcast  programs  has  nect“ssitat»‘d 
a  lar^re  increase  in  the  number  of 
studios  available  for  production. 
Since  the  demand  for  studio  space 
for  rehearsal  as  well  as  actual  Itroad- 
castiiiK  has  exceeded  the  su])ply.  it 
has  been  necessary  for  the  networks 
to  rent  theaters  and  other  space 
suitable  for  the  purpose.  Hut  this 
has  not  always  been  an  ideal  solu¬ 
tion.  Fjiced  by  this  problem,  the 
executives  of  the  C'olumbia  Hroad- 
castinjr  System  decided  in  lirtP  to 
desivrn  and  construct  a  building'  in 
New  York  to  hou.se  a  number  of 
new  studios.  However,  it  was  de¬ 
cided  to  continue  t(»  broadcast  jiro- 
jrrams,  in  which  lar>re  studio  audi¬ 
ences  must  be  handled,  from  nearby 
theaters. 

It  was  fortunate  that  directly 
aci’oss  the  street  from  the  (’.R.S. 
headtpiarters  building  at  ISf)  Madi¬ 
son  Avenue  there  was  space  avail¬ 
able.  in  a  building!  which  had  been 
the  headcpiarters  of  the  famous  Juil- 
liard  School  of  Music  where  many  of 
today’s  radio  artists  received  their 
musical  traininjr.  The  building  "as 
acquired  by  C.H.S.  and  almost  com- 
l)letely  rebuilt  t»)  care  for  the  spe¬ 
cialized  requirements  of  a  jrroup  of 
br(>adcast  studios.  Flo(*rs  were 
raised  and  lowered  and  columns  re¬ 
moved  to  provide  space  for  two 
larvre  studios,  desijjnated  as  num¬ 
bers  21  and  22.  which  occupy  the 
lower  portion  of  the  structure. 
'Fhese  studios,  which  are  07  by  44 
feet  and  18  feet  hijrh.  are  placed 
one  directly  above  the  other  on  the 
first  and  second  floors.  The  floor 
of  studio  21  is  about  12  feet  below 
ground  level.  The  remainintr  five 
studios  are  located  on  the  ui)per 
floors.  Also  located  within  the  new 
buildinjr  are  an  experimental  studio 
and  a  laboratory  where  research 
work  is  to  be  carried  on  to  improve 


the  technique  of  bioadcastinjr.  The 
new  studio  l>uildiny  is  connected  to 
the  main  t'.H.S.  building  by  means 
of  a  conduit  under  5211(1  St.  which 
(allies  the  audio,  telephone  and 
power  lines  and  air  conditioning 
water  jiipes. 

The  major  jiortion  of  the  work- 
siiace  does  not  retpiire  direct  day¬ 
light  and  would  be  troubled  with 
noise  resulting'  from  direct  openings 
to  the  street.  Ther**fore.  the  main 
facade  i»resents  a  surface  unbroken 
l»y  windows  up  to  the  sixth  floor. 
There  is  no  extraneous  ornamenta¬ 
tion,  no  jrinyerlnead.  The  lower 
portion  of  the  facade  is  of  yray 
and  blue  matte  ylazed  terra  cotta 
with  the  entrance  and  maniuee  of 
stainless  steel.  A  c(»ncealed  liyht- 
injr  system  illuminates  the  entrance 
and  manpiee  at  ni^^ht.  The  upper 
fiortion  of  the  buildinjr  is  covered 
with  a  hard  vitreous  terra  cotta 
which  is  moisture-  and  dirt-repel¬ 
lent. 

The  desiyMi  of  broadcast  studios 
has  been  stabilized  to  a  point  where 
new  studios  c(»ntain  relatively  few 
major  developments.  While  this 
speaks  well  for  the  desi^^ners  of 
existiny  studios,  the  C.H.S.  enyi- 
neers  were  not  entirely  .satisfied 
with  certain  features.  They  be¬ 
lieved.  for  example,  that  the  public 
would  be  better  pleased  if  jiroyrams 
emanated  from  more  “live”  studios, 
acoustically,  than  in  the  jiast.  So 
the  new  studios  possess  not  only 
more  liveness  in  their  acoustic  tu'oi)- 
erties,  but  also  controllable  liveness. 
Al.so,  the  wall  and  ceiliny  surfaces 
are  arranyed  so  that  there  are  no 
opposite  surfaces  parallel  to  each 
other,  thus  reduciny  undesired 
standiny  wave  patterns.  This  fea- 

The  main  facade  of  the  studio  building 
which  is  located  directly  across  the  street 
from  the  main  C.B.S.  building.  The  new 
facilities  include  two  large  studios,  five 
small  studios  and  one  experimental  studio 


ture  was  first  used  in  the  studios 
of  the  C.H.S.  station  KNX  which 
were  described  in  the  April  15)38 
issue  of  Elect ronivx. 

The  enyineers  also  believed  that 
the  work  of  the  control  enyineer 
could  be  simplified  by  a  more  con¬ 
venient  arranyement  of  the  e(iuii)- 
ment  about  him.  So  they  lede- 
siyned  the  control  con.sole  so  that 
he  could  reach  all  controls,  plugs, 
jacks,  etc.  without  moviny  from  his 
normal  sittiny  itosition.  Several 
(  hanyes  were  made  to  improve  his 
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Simplified  schematic  diagram  of  the  new 
WEAF  transmitter.  Grid-modulation,  over¬ 
all  feedback,  a-c  filament  supply  through¬ 
out,  and  new  tube  types  mark  it  as  a 
thoroughly  modern  adaptation  of  the  SOB 
equipment 

year  or  two  afro.  An  e.xtra  exciter 
unit  wa.s  available  at  Bellmore  in 
the  auxiliary  tran.'^mitter  there.  By 
u.siiifT  the  extra  exciter  at  Bellmore, 
the  SOB  exciter  wa.s  freed  of  duty 
.so  that  it  could  be  transferred  to 
Port  Washitifrton.  By  combininjr 
the  two,  a  complete  type  SOB  trans¬ 
mitter  was  secured,  similar  to  that 
used  as  the  main  transmitter  at 
Bellmore. 

Many  thinjrs  have  been  done  to 
modernize  the  SOB  ecjuipment. 
Amonjr  the  most  important  chanjres 
are  chan>res  in  tube  types  to  re¬ 
duce  tube  cost,  installation  of  a-c 
filament  supply  in  all  stafr^s,  and 
the  use  of  frrid  modulation  of  the 
S  kw  stafre  rather  than  plate  modu¬ 
lation  of  the  precediiifT  300-watt 
stape.  The  filament  circuits  of  the 
two  tubes  in  the  S  and  SO  kw  stafres 
are  in  phase  quadrature  and  the 
two  stapes  are  4S°  apart  in  phase, 
pivinp  the  effect  of  four-pha.se  ex¬ 
citation.  The  S-kw  driver  stape 
u.ses  207  tubes  which  replace  the 
892  tubes  formerly  used.  Two  type 
84S  tubes  are  used  in  the  modulator, 
replacinp  a  pair  of  849’s.  By  these 
and  other  chanpes  in  the  modulator 
and  modulated  r-f  amplifier,  they 
are  thus  made  considerably  simpler, 
the  performance  improved,  and  a 
savinp  of  about  $300  in  tube  cost 
effected. 

The  tube  line-up  of  the  transmit¬ 
ter  is  shown  in  the  accompanyinp 
schematic  diapram.  The  6JSG  crys¬ 
tal  o.scillator  is  followed  by  two  802 
buffer  stapes,  an  828  first  r-f  amp¬ 
lifier  and  an  810  .second  r-f  amplifier. 
The  810  drives  the  pair  of  207  tubes 
which  are  prid  modulated  and  which 
in  turn  drive  a  pair  of  862  tubes  in 
the  50-kw  output  stape.  The  speech 
system,  from  the  audio  input,  con¬ 
sists  of  two  802  speech  amplifiers, 
an  845  driver,  and  a  pair  of  845’s  in 
parallel  as  the  modulator.  Overall 
inverse  feedback  from  the  trans¬ 
mitter  output  to  the  audio  input  is 
accomplished  by  pickinp  off  modu¬ 
lated  r-f  from  the  plate  circuit  of  the 
final  r-f  amplifier,  rectifyinp  it  in  a 
type  84,  and  applyinp  the  audio  in 
reverse  pha.se  to  the  input  circuit  of 
the  first  802  speech  amplifier.  About 
30  db  of  feedback  is  normally  u.sed. 
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Acousti  vones 


Layout  o  i  large 
studio  with  its  con¬ 
trol  room,  equip¬ 
ment  room,  lounge, 
etc.  The  Acous- 
tivanes  are  large 
rotatable  wood 
panels  which  are 
used  to  control  the 
acoustic  character¬ 
istics  oi  the  studio 


Acousti  vanes 


<■  -  -Acoustivones 


when  he  is  seated  in  his  ftdlnwinK  ballistic  characteristics,  suitably  sound  treated  enclosure  is 

lormal  position.  All  the  switchinjr  When  a  sinjrle  fretjuency  voltatre  of  provided  to  give  the  proper  low 

ind  patching  gear  has  been  removed  such  intensity  to  give  a  steady  state  fretjuency  response, 

from  the  racks  and  placed  in  the  reading  of  0  vu  is  suddenly  applied 

•onsole.  The  layout  of  the  console  the  pointer  will  overswing  the  0  vu 

s  in  the  form  of  a  U  with  the  en-  mark  by  about  1  per  cent  or  0.1 

irineer  seated  in  the  center.  The  vu.  The  pointer  will  reach  99  per 

dght-position  mi.xing  circuits,  audio  cent  of  its  full  detlection  within  0.3 

iimplifiers  and  monitoring  apparatus  second  after  the  sudden  application 

are  directly  in  front  of  the  engineer,  of  such  a  voltage.  The  sensitivity 

The  patching  lines  are  located  on  is  uniform  within  0.2  db  from  25  to 

each  side  of  the  U  with  the  low  16.000  cps.  The  motion  of  the 

level  lines  on  one  side  and  the  high  pctinter  is  easy  to  follow  and  the 

level  lines  for  the  monitoring  and  operators  report  that  the  strain  in- 

studio  loudspeakers  on  the  other  volved  with  its  use  is  considerably 

side.  The  low  level  and  high  level  less  than  with  the  method  previously 

lines  are  separated  to  avoid  inter-  used. 

ference  from  crosstalk  between  the  Aural  monitoring  is  provided  by 
two  groups.  Rehearsal  break  and  a  high  fidelity  loudspeaker  unit  sus- 
cueing  facilities  are  also  provided.  pended  from  the  ceiling  of  the  con- 

.  trol  room.  The  monitor  speaker 

"  consists  of  two  loudspeakers,  a  low 

The  volume  indicator  is  the  “vu”  frequency  unit  and  a  high  frequency 

type  adopted  as  standard  by  the  unit  mounted  coaxially  as  described 

major  networks.  The  meter  has  the  in  Electronics  in  April  1940.  A 


Audio  Specifications 

While  the  audio  characteristics  of 
the  circuits  are  essentially  the  same 
as  other  recent  C.B.S.  installations, 
it  has  been  possible  to  tighten  up 
on  certain  specifications.  The  fre¬ 
quency  characteristic  from  the  mi¬ 
crophones  to  the  main  control  desk 
is  flat  within  1  db  over  the  range 
from  40  to  10,000  cps  and  is  inde¬ 
pendent  of  gain  up  to  a  point  10 
db  above  the  normal  operating  level 
(normal  level  is  about  10  milli¬ 
watts).  This  compares  with  a  2  db 
variation  over  the  same  range  in 
the  KNX  installation.  The  har¬ 
monic  distortion  is  less  than  one- 
half  per  cent  from  100  to  5,000  cps 
up  to  100  milliwatts.  The  noise 
and  hum  level  is  60  db  below  the 
operating  level. 


Below,  the  control  engineer  hat  an  almott  camplete  eiew 
oi  the  activities  in  all  parts  oi  the  studio.  These  photo¬ 
graphs  were  made  with  the  camera  in  the  normal  position 
of  the  engineer's  eyes 


Left,  typical  small  studio.  The  window  of  the  control  room 
is  set  at  an  angle  so  that  annoying  reflections  to  the 
engineer's  eyes  are  avoided 


Lower  right,  console  with  the  patching  plugs  located  on 
the  arms  oi  a  U  provide  convenient  operation  for  the 
control  engineer 


Studio  and  Control  Room  Section 


vision  of  the  performers  in  the 
studio  proper.  The  glass  in  the 
window  was  set  at  an  angle  to  re¬ 
move  reflections  which  would  dis¬ 
turb  the  view.  Pains  were  taken 
also  to  eliminate  reflections  by 
proper  arrangements  of  the  interior 
lights  and  equipment.  Also,  the  con¬ 
trol  room  was  extended  slightly  into 
the  studio  and  the  window  curved 
at  one  end  to  provide  an  extended 
view,  as  shown  in  the  diagram.  The 
photograph  taken  from  the  point 
where  the  eyes  of  the  engineer  would 
normally  be  located,  shows  how  com¬ 
pletely  the  operations  in  the  studio 
can  be  seen  from  the  engineer’s 
position. 

Controlled  Acoustic  Characteristics 

The  C.B.S.  engineers  endeavored 
in  this  new  installation  to  provide 
acoustic  liveness,  and  to  control  it, 
so  that  programs  requiring  different 
illusions  in  their  locale  could  be 
put  over  with  realism.  Illustrations 


of  extreme  cases  are  speakers  or 
musical  instruments  in  a  large  empty 
hall  with  hard  walls  and  the  same 
speakers  or  instruments  in  an  open 
field.  The  first  illusion  requires  pro¬ 
nounced  reverberation,  the  second 
requires  practically  none.  Also 
audiences  accustomed  to  listening  to 
symphony  orchestras  in  large  re¬ 
verberant  halls  are  apt  to  object  to 
the  dead  quality  of  music  broadca.st 
from  a  sound-deadened  studio. 

In  the  acoustic  design  of  the  two 
large  studios,  two  facts  were  used 
as  starting  points.  One  is  that 
symphony  music  halls  are  built 
largely  of  wood  and  the  other  is 
that  the  tone  of  a  violin  depends 
entirely  upon  the  nature  of  the  wood 
and  its  construction.  Thus,  it  would 
seem,  wood  in  a  broadcast  studio 
may  affect  to  a  large  extent  the 
nature  of  the  sounds  broadcast. 
However,  there  are  many  reasons 
why  studios  cannot  be  constructed 
of  wood,  not  the  least  of  which  is 


This  diagram  was  used  in  determining  the 
positions  oi  the  essential  elements  oi  the 
studio  such  as  the  console,  director's  desk 
in  the  control  room  and  the  stage 


the  fire  hazard.  Nevertheless,  in 
the  new  studios  good  effects  have 
been  achieved  by  the  judicious  ap¬ 
plication  of  wood  in  strategic  por¬ 
tions  of  the  walls. 

To  control  the  reverberation,  large 
movable  wooden  panels,  called  Acous- 
tivanes,  are  mounted  on  the  walls. 
The.se  panels  are  capable  of  rotation 
to  expose  sound  absorbent  material 
on  the  wall  behind  them.  The  pan¬ 
els  and  their  relation  to  the  wall 
area  are  shown  in  the  accompany¬ 
ing  photographs.  To  avoid  any  po.s- 
sible  electrical  interference  from 
control  mechanism  of  the  Acou.sti- 
vanes,  they  are  remotely  operated 
by  a  pneumatic  drive.  Thus,  there 
is  no  electrical  machinery  which 
might  be  the  source  of  interference. 
The  control-room  operator  can  ad¬ 
just  the  position  of  the  vanes  by 
manipulating  push  buttons  on  the 
console.  The  angular  position  of 
each  group  with  respect  to  the  sur¬ 
face  of  the  walls  is  indicated  by  a 
meter. 

Sell'  Design  of  the  Console 

The  control  console  represents 
progress,  as  previously  stated,  in 
that  all  controls,  plugs,  jacks,  etc, 
are  within  easy  reach  of  the  control 


r 


Fig.  1 — The  ceramic  capacitor  testing 
equipment,  with  door  of  work  chamber 
closed 


WITH  the  advent  of  the  ceramic 
capacitor  and  its  widespread 
use  in  radio  circuits  during  the 
last  few  years,  has  come  the  neces¬ 
sity  for  special  testinjr  equipment. 
Not  only  has  it  been  necessary  to 
make  the  routine  tests  commonly 
associated  with  capacitor  manufac¬ 
ture  with  greater  precision,  but  it 
has  been  necessary  to  develop  spe¬ 
cial  equipment  and  make  special 
tests  on  the  properties  which  make 
the  ceramic  capacitor  valuable,  for 
example,  the  temperature  coefficient 
of  capacitance  and  the  power  factor. 

The  first  test  considered  is  for 
capacitance.  The  unit  of  capaci¬ 
tance  for  small  capacitors,  the  micro¬ 
microfarad,  is  one  of  the  most  dif¬ 
ficult  of  the  electrical  units  to  meas¬ 
ure  in  absolute  magnitude.  The 
National  Bureau  of  Standards  will 
certify  the  capacitance  of  a  stand¬ 
ard  to  ziz  (O.S/ijuf  -f  0.05  per  cent  of 
the  nominal  value).  This  means 
that  the  guaranteed  accuracy  of  the 

26 


Testing  Ceramic 


Before  et'rainie  eapaeitors  eaii  l»e  applieii  to  <-iire  llie  «lrilt 
]>rol»leni  in  ii-h-f  praetiee.  their  eliara<  teristies  must  he  aeeiir- 
ately  measured.  Here  deserihed  is  an  nnnsnally  eoinplete  s«*t- 
up  for  determining  tin*  leniperatnre  eotdheient  tliese  units  hv 
tile  sulistitution  method 
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measuring  standards  (see  Fig.  2), 
though  they  are  the  best  available, 
may  differ  as  much  as  1  /t/if  in  ab¬ 
solute  value.  On  a  100/i/if  unit, 

1  ,u/tf  represents  a  difference  of  1 
l)er  cent  in  the  caj>acitance  when 
measured  with  the  two  different 
l»ieces  of  equipment.  Since  toler¬ 
ances  on  these  capacitors  are  (»ften 
as  close  as  1  per  cent,  it  becomes 
necessary  to  correlate  the  measure¬ 
ments  made  on  the  two  pieces  of 
ecpiiiiment.  This  correlation  is  nec¬ 
essary  for  a  reason  other  than  the 
possible  difference  in  calibration 
of  the  standards.  Primary  stand¬ 
ards  of  capacitance  are  invariably 
calibrated  at  1000  cps  and  since 
these  standards  are  not  ideal  capaci¬ 
tors,  but  have  both  residual  induct¬ 
ance  and  resistance,  they  lead  to 
erroneous  readings  when  u.sed  at 
high  radio  frequencies.  Inductance 
is  particularly  trouble.some,  since 
the  inductance  of  the  stamiard,  com¬ 
bined  with  that  of  the  c(»nnecting 
jig  and  leads,  employed  in  different 
ways  and  at  different  frequencies, 
ultimately  requires  correlation  be¬ 
tween  the  two  methods  if  jierfect 
agreement  is  to  be  had.  These  points 
should  be  borne  in  mind  at  all  times 
when  making  capacitance  measure¬ 
ments  on  small  ceramic  capacitors. 

Pou'er  Factor 

The  second  measurement  made 
on  small  capacitors  to  be  considered 
is  the  power  factor,  or  the  loss  fac¬ 
tor.  This  factor  is  equal  to  the 
product  of  the  frequency  in  radians, 
the  equivalent  series  resistance  in 
ohms  and  the  capacitance  in  farads, 
{RmC).  The  reciprocal  of  this  fac¬ 
tor  is  commonly  referred  to  as  the 
Q.  The  usual  magnitude  of  the 


l)ower  factor  of  ceramic  capacitors 
is  between  0.0002  and  0.001  at  1000 
kc.  This  figure  represents  two  very 
interesting  facts.  For  practical 
l)urposes  it  represents  the  ratio  of 
the  active  to  the  reactive  jxtwer, 
or  the  watts  loss  to  the  voltamperes 
flowing  through  the  unit  and  when 
multiplied  by  100  gives  the  watts 
loss  expressed  as  a  jiercentage  of 
the  total  power  in  the  unit.  When 
the  power  factor  in  j)er  cent  is 
divided  l>y  0.0029,  the  result  is  the 
angle  in  minutes  which  the  voltage 
vecttir  deviates  from  that  <tf  an 
ideal  capacitor  where  the  voltage 
would  lag  tK)  degrees  behind  the 
current.  Hence,  a  ceramic  capacitor 
would  have  a  jxtwer  loss  (tf  from 
0.02  per  cent  to  0.1  per  cent  of  the 
total  volt-amperes  and  the  voltage 
would  lack  from  0.7  minutes  to  3.5 
minutes  of  lagging  the  full  5)0  de¬ 
grees  behind  the  current  as  it  would 
in  an  ideal  capacitor.  This  is  ap¬ 
proximately  the  same  magnitude  of 
loss  as  that  pre.sent  at  the  low 
capacitance  setting  of  precision  type 
variable  air  capacitor.«  employing 
ceramic  insulation. 

T  c  )n  pc  ra  t  u  rr  C  'nctficic  u  t 

The  primary  purpo.se  of  this  pa- 
jier  is  to  di.scuss  the  controlled  tem¬ 
perature  coefficient,  the  most  im¬ 
portant  characteristic  of  the  ceramic 
capacitor,  and  the  equipment  devel¬ 
oped  for  its  measurement.  The 
radio  and  television  engineer,  the 
communication  engineer,  the  ama¬ 
teur,  and  the  designer  of  testing  and 
special  equipment  have  become  con¬ 
scious  of  the  ever  increasing  de¬ 
mand  for  greater  circuit  stability. 
The  development  of  television  and 
frequency  modulation  using  the  ultra 
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hijrh  frequencies  has  made  desirable 
the  use  of  a  capacitor  which  has  a 
zero  or  negative  temperature  co- 
etticient.  Most  circuit  components 
have  a  positive  temperature  coeth- 
cient,  and  by  the  use  of  a  capaci- 
t<tr  having  the  proper  negative 
temperature  coefticient.  it  is  possible 
to  reduce  the  temperature  diift  of 
the  whole  circuit  to  a  neyliRible 
value.  The  usual  ranye  <tf  tempera- 
tui’e  coerticient  available  is  from 
•  ().0()02  to  —  0.00075ii/»f  per  ii/if 
per  de^M’ee  C.  These  values  (»f  tem- 
l*erature  coethcient  have  been  found 
to  be  constant  over  the  usual  tem¬ 
perature  ranjres  encountered  in  ac¬ 
tual  .service. 

Since  there  may  be  some  doubt 
relative  to  the  determination  of  the 
t)roper  temperature  coefficient  and 
capacitance  value  to  be  used  for 
compensating  a  circuit,  it  is  desir¬ 
able  to  di.scuss  the  relationships 
existing  between  frecpiency,  capaci¬ 
tance  and  inductance;  and  to  di.scuss 
the  effects  of  changes  in  capacitance 
or  inductance  upon  fre«piency.  Let 
the  following  terminol<*jry  and  units 
apply  to  this  di.scussion. 

/  =  freijuency  in  cycles  per  second 
A/  =  the  drift  in  cycles  per  .second 
due  to  a  change  in  temi)era- 
ture 

L  =  the  inductance  in  henries 
r  =  the  total  capacitance  of  the 
circuit  in  farads 

AC  =:  the  apparent  change  in  caj)aci- 
tance  which  would  cau.se  the 
drift  in  fre(|uency,  expressed 
in  farads 

Cr  =  the  capacitance  value  that  is 
reiiuired  for  compensating 
I)urposes 

(\  =  the  circuit  capacitance  and 
any  other  portion  of  C  that 
may  not  be  included  in  C, 
t  =  the  chanffe  in  temperature  in 
decrees  centigrade 
7  =  the  temperature  coefficient  of 
C.  expressed  in  /i/if  per  jx^if 
per  degree  C. 

Consider  the  familiar  equation 
giving  the  frequency  of  oscillation 
of  a  circuit  with  zero  damping. 


P  = 


1 

iir^LC 


or  C 


_l _ 

4ir*I.p 


(1) 


Fiq.  2 — Instruments  used  in  measuring  capacitance  and  power  iactor 
of  ceramic  capacitors.  Microscope  on  the  lower  right  hand  capacitor 
is  used  for  accurate  dial  readings 


(^insider  L  as  a  constant  and  take 
the  differential  of  C  in  (1)  with 
respect  to  /: 


This  may  be  written 

AC  =  -  A/  (.^) 

as  long  as  AC  and  A/  are  small  com- 
l)ared  to  C  and  /. 

It  should  be  remembered  that  the 
change  in  circuit  values  has  been 
represented  as  an  apparent  change 
in  capacitance,  but  it  may  actually 
be  a  change  in  the  inductance,  the 
total  change  having  been  referred 
to  capacitance  for  compensation. 

In  order  to  compensate  Equation 
(.S'!  against  drift,  it  is  necessary  to 
make 

atC.  =  -  AC  14) 

The  minus  sign  is  requii’ed,  since 
the  effect  of  C,  is  to  compensate  for 
the  drift  represented  by  AC  and 
hence  must  be  equal  to  it  in  value 
and  opposite  in  sign. 

Since  C  =  C,  -I-  C. 


C„  +  C\  is  100  /u.f 
C’x  is  75  nfMf 

Therefore : 

-.',omt  luo  X  10  _ 

“  '  TT)^  X  20  ^  “7.7  X  10  " 

—  0  (KMCCi  juju/  i)er  per  °C. 

The  above  computations  give  the 
value  of  temperature  coefficient  re¬ 
quired  to  compensate  a  given  circuit 
against  changes  in  temperature. 
The  equipment  for  measuring  the 
temperature  coefficient  of  ceramic 
capacitors  should  be  capable  of 
extreme  flexibility,  be  able  to  ac¬ 
commodate  a  large  volume  of  tests 
and  be  capable  of  rendering  results 
having  a  high  degree  of  accuracy. 
It  was  imperative  that  the  eiiuij)- 
ment  be  so  designed  that  units,  with 
capacitances  from  10  jujuf  to  1000  /xjuf 
having  temperature  coefficients  from 
f  0.0002  to  -0.00075  /i/if  per  ^L^if 
per  degree  C.  and  varying  greatly  in 
size  and  shape  could  be  tested  with¬ 
out  mechanical  changes. 

Tent  Equipmevt 


a 


,  2A/  C.  -r  C. 
■  ft  ^  C. 


(5) 


E.xample:  A/  is  found  to  be  —5000 
cps 

/  is  10”  cps 
t  is  20°  C.  change 
through  which  the 
5000  cps  drift  oc¬ 
curred 


The  desired  accuracy  of  measure¬ 
ment  of  the  temperature  coefficient 
was  set  at —  25  (10  ’)  [1  -f-  3(10’)a] 
in  degree  C.  where  a  is  the 

nominal  temperature  coefficient  of 
the  unit.  The  reason  for  such  a  toler¬ 
ance  is  quite  apparent  from  two 
principal  types  of  error  to  be  ex¬ 
pected.  One  is  accuracy  of  setting 
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and  reading  capacitance  dials,  vari¬ 
ations  in  residual  capacitances  and 
shifts  in  the  oscillator,  all  of  these 
being  quite  independent  of  size  and 
temperature  coefficient  of  capac¬ 
itor  under  test.  The  other  source 
of  error  caused  by  errors  in  reading 
the  temperature  of  the  unit  during 
the  test  is  proportional  to  the  tem¬ 
perature  coefficient  of  the  unit  being 
tested.  The  equipment  shown  on 
Fig.  3  was  developed  to  meet  the 
above  requirements.  A  functional 
block  diagram  is  shown  in  Fig.  4. 

Principle  of  Operation 

The  principle  of  operation  of  this 
equipment  is  as  follows :  The  ca¬ 
pacitor  to  be  tested  is  connected  to 
the  tank  circuit  of  an  oscillator.  The 
oscillator  frequency,  or  some  multi¬ 
ple  thereof,  is  adjusted  to  zero  beat 
against  the  carrier  of  a  standard 
broadcast  station  known  to  have 
an  accurately  maintained  frequency. 
The  temperature  of  the  capacitor  is 
raised  or  lowered  as  desired  and  the 


frequency  again  brought  to  zero 
beat  against  the  broadcast  station 
by  adding  or  removing  capacitance 
in  the  tank  circuit  through  the  use 
of  a  calibrated  variable  air  capaci¬ 
tor.  Hence,  the  change  in  the  ca¬ 
pacitance  of  the  calibrated  capaci¬ 
tor  is  equal  and  opposite  to  the 
change  in  the  capacitance  of  the 
capacitor  under  test  for  the  partic¬ 
ular  temperature  change  involved. 

While  the  principle  is  simple,  the 
mechanical  and  electrical  problems 
involved  in  the  actual  construction 
have  been  many.  The  greatest  com¬ 
plication  was  caused  by  the  desire 
to  test  several  units  at  one  time. 
It  may  be  seen,  from  Figs.  3  and  4, 
that  the  equipment  consists  of  five 
units,  four  of  which  are  assembled 
oh  a  standard  relay  rack  and  the 
fifth  housed  within  a  frame  work 
which  supports  the  relay  rack.  Unit 
No.  2,  which  is  the  work  chamber, 
is  made  up  of  an  insulated,  rigid, 
aluminum  box  mounted  behind  a 
14  inch  standard  relay  rack  panel. 
It  contains  heating  and  cooling 
means,  a  blower  type  fan  for  air 
circulation,  thermostats  for  con¬ 
trolling  the  temperature,  thermo¬ 
couples  for  determining  the  temper¬ 
ature,  a  pivoted  disc  rotatable  from 
the  outside  and  designed  to  hold  13 
units  at  one  time,  and  a  contact 
making  jig  for  connecting  into  the 
oscillating  circuit  each  of  the  13 
units  as  they  are  indexed  into  the 
test  position. 

The  housing  of  the  equipment 
consists  of  a  i-inch  thick  aluminum 


Fig.  3 — Test  equipment  ior  measuring  tem¬ 
perature  coefficient  and  power  factor  of 
ceramic  capacitors.  The  temperature-and- 
humidity-controlled  chamber  in  which  the 
unit  is  placed  is  shown 

Fig.  4 — Block  diagram  of  temperature  test 
equipment 
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lining  surrounded  on  all  sides  by 
three  layers  of  J-inch  thick  insulat¬ 
ing  board  with  a  sheet  of  aluminum 
foil  between  each  layer.  This  inner 
lining  and  insulation  is  then  pressed 
inside  a  sheet  iron  box,  which  is 
then  fastened  to  a  J  inch  x  14  inches 
X  19  inches  relay  rack  panel.  En¬ 
trance  to  the  chamber  is  accomp¬ 
lished  through  a  11  inches  x  12i 
inches  door  in  this  panel,  the  insula¬ 
tion  behind  it,  and  the  inner  box. 
This  rigid,  highly  insulated  box 
serves  as  a  shield  around  the 
units  under  test  and  at  the  same 
time  acts  as  a  stabilizing  factor 
on  the  temperature  of  the  cham¬ 
ber.  A  maximum  of  340  watts 
of  heating  power  is  available  from 
a  special  38-ohm  heater,  wound 
in  the  form  of  a  squirrel  cage 
about  4  inches  in  diameter  and  2i 
inches  long.  This  heater  surrounds 
a  blower  type  fan  which  draws  air 
from  the  work  space  through  an 
opening  in  the  center  of  an  alumi¬ 
num  baffie  plate  and  forces  it  out¬ 
ward  through  the  heater  winding 
and  cooling  coil  and  back  into  the 
work  space.  In  this  way  ample 
energy  is  provided  to  raise  the  tem¬ 
perature  of  the  chamber  30  degrees 
C.  above  room  temperature  and  for 
it  to  become  stable  in  30  minutes. 
Temperatures  as  high  as  130  de¬ 
grees  C.  may  be  attained  easily. 

Cooling  of  the  chamber  is  effected 
by  a  U  shaped,  finned  tube  which  is 
located  around  the  heating  unit  and 
through  which  a  precooled  anti¬ 
freeze  .solution  is  pumped.  This  so¬ 
lution  is  maintained  in  a  reservoir 
at  a  temperature  below  —20  degrees 
C.  by  the  refrigerator  unit  shown  at 
the  bottom  of  Fig.  3  and  shown  as 
unit  No.  1  in  Fig.  4.  Thus,  the  po¬ 
tential  capacity  for  absorbing  heat 
from  the  work  chamber  *s  built  up 
during  the  heating  and  measuring 
time  and  stored  for  use  in  cooling 
the  chamber  when  needed.  The 
chamber  can  be  cooled  from  60  de¬ 
grees  C.  to  30  degrees  C.  in  30  min¬ 
utes. 

The  uniformity  of  temperature  in 
the  oven,  especially  in  the  actual 
work  space,  and  the  rapid  transfer 
of  heat  during  both  the  heating  and 
the  cooling  cycles  is  assured  by 
the  use  of  the  fan  mentioned  above 
plus  suitable  baffles.  The  constancy 
of  the  temperature  is  maintained  by 
thermostats  located  in  the  heater 
end  of  the  work  chamber  and 
against  the  metal  liner.  The  tern- 


\cooling 
1  mohr-rn 


Fiq.  5 — Simplified  circuit  diagram  of  the  test  equipment.  Both  the  capa¬ 
citor  under  test  and  the  oscillator  are  in  temperature  controlled  chambers 


perature  is  maintained  constant  to 
better  than  0.1  decree  C. 

Control  Circintu 

The  control  circuits,  a  .schematic 
diagram  of  which  is  shown  in  Fijr. 
5,  for  the  work  chamber  heater  and 
the  o.scillator  oven  heater  are  con¬ 
tained  in  unit  No.  5.  This  is  a  very 
simple  relay  circuit  operating  di¬ 
rectly  from  the  60-cycle  110-volt 
power  lines.  It  consists  of  a  twin 
triode  tube  with  the  thermostat  in 
the  work  chamber  connected  to  one 
triode  jrrid  and  a  relay  in  its  plate 
circuit  to  control  the  heatiiijr  rate 
of  the  work  chamber.  A  mercury 
expansion  thermostat  in  the  oscilla¬ 
tor  oven  is  connected  to  the  }?rid  of 
the  other  triode  section  and  the 
relay  in  its  plate  circuit  controls  the 
heaters  in  the  o.scillator  oven.  In 
both  cases  the  heatinjf  rate  is 
changed  by  a  small  increment.  When 
the  relay  is  on,  a  slight  excess  of 
heat  is  provided;  when  the  relay  is 
open,  a  slight  deficiency  of  heat  is 
provided.  This  differential  in  heat¬ 
ing  rates  is  kept  as  small  as  pos¬ 
sible. 

The  reading  of  temperature  of 


the  unit  under  test  is  accomplished 
by  the  use  of  two  iron-constantan 
thermocouples  connected  in  series 
to  a  temperature  indicating  poten¬ 
tiometer.  These  thermocouples  are 
made  from  it  28  wire.  The  hot 
junctions  are  1  inch  above  the  unit 
being  tested  and  the  cold  junctions 
are  brought  outside  the  oven  and 
maintained  at  0  degrees  C.  by  sur¬ 
rounding  them  with  melting  cracked 
ice,  thereby  reducing  one  source  of 
error  and  eliminating  the  necessity 
of  correcting  for  cold  junction  tem¬ 
perature.  Thermocouples  are  much 
faster  than  a  mercury  thermometer, 
are  easy  to  locate  where  desired, 
and  are  capable  of  indicating  tem¬ 
peratures  below  —40  degrees  C. 
Extremely  low  temperatures  are 
attained  by  the  use  of  dry  ice.  Hu¬ 
midity  may  be  added  to  the  work 
chamber  and  the  relative  value  may 
be  determined  from  the  tempera¬ 
tures  of  wet  and  dry  thermocouples 
since  ample  air  circulation  is  pro¬ 
vided  in  the  chamber. 

The  rotating  disc  and  bearing  as¬ 
sembly  used  to  carry  the  13  units, 
which  may  be  advanced  one  at  a 
time  into  test  position,  is  shown  in 


Fig.  6.  The  disc  is  bakelite  with  13 
equally  spaced  ceramic  inserts 
around  its  outer  edge.  A  stud  is 
fastened  into  each  insert  and  sup¬ 
ports  the  outer  end  of  the  capaci¬ 
tor  under  test  and  also  serves  as  a 
means  of  making  contact  to  the  sta¬ 
tionary  contact  of  the  oscillator 
tank.  The  other  ends  are  connected 
together  and  grounded  to  the  inside 
metal  box  through  a  grounding  con¬ 
tact  to  the  center  of  the  disc.  All 
contacts  are  either  pure  silver  or 
heavy  silver  plate.  Extreme  care 
{Contitiiied  on  page  t»2) 

Fig.  6 — A  group  of  ceramic  capacitors 
mounted  on  the  work  disc  ready  lor  in¬ 
sertion  in  the  work  chamber 
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Modulation  Limits  in  F-M 


I- 


I 


Fig.  1 — The  amplitude  oi  the  sideband 
at  the  edge  of  the  band  relative  to 
that  oi  the  unmodulated  carrier,  for  a 
frequency  deviation  of  75  kc.  The 
higher  the  audio  frequency,  the 
stronger  the  sideband 

IN  an  amplitude-modulated  sys¬ 
tem,  the  degree  of  modulation 
is  expressed  as  the  percentage  vari¬ 
ation  of  the  carrier  amplitude.  If 
this  variation  exceeds  100  per 
cent,  distortion  of  the  signal  pro¬ 
gram  is  introduced.  By  properly 
limiting  the  frequency  range  of  the 
modulating  signal,  the  radiated  fre¬ 
quencies  can  be  kept  within  a  speci¬ 
fied  band.  On  the  other  hand,  in 
a  frequency-modulated  system,  in 
order  to  confine  the  radiated  fre¬ 
quencies  to  a  specified  band  it  is 
neces.sary  to  limit  properly  both 
the  intensity  and  the  frequency 
range  of  the  modulating  signal.  This 
fundamental  difference  between  a-m 
and  f-m  in  the  general  problem  of 
interference  is  evident  from  a  com¬ 
parison  of  the  sidebands  of  the  two 
systems.  In  an  amplitude-modu¬ 
lated  wave  a  modulating  signal  of 
10,000  cps  produces  only  two  side 
frequencies,  each  differing  from  the 
carrier  by  10,000  cps.  This  same 
signal  u.sed  to  frequency-modulate 
a  carrier  introduces  an  infinite  num¬ 
ber  of  side  frequencies  which  differ 
fi'om  the  carrier  frequency  by  inte¬ 
gral  multiples  of  10,000  cps.  The 
magnitudes  of  the  higher  order  side 
frequencies  can  be  kept  small  by 
properly  limiting  the  degree  of  mod¬ 
ulation.  A  consideration  of  these 
factors  for  a  frequency-modulated 
system  is  the  subject  of  this  paper. 

The  instantaneous  frequency,  co, 
of  a  frequency  modulated  wave  is 
defined  by  the  equation 

W  =  Wc  (1  -|-  ^  cop  Oltt)  (1) 


By  L.  J.  BLACK  and  H.  J.  SCOTT 

Ill  Eh  i  lrinil  E.iiifim  i  riiiii 
I  iiiiirsilii  III  I'liliinriiiii 

Since  the  generation  oi  adjacent  channel  interference  in  f-m 
systems  depends  on  the  amplitude  as  well  as  the  frequency  of 
the  modulating  signal,  such  interference  may  be  minimized  by 
restricting  the  modulation  in  either  of  two  ways.  The  authors 
show  the  permissible  frequency  deviations,  for  specified  degrees 
of  adjacent  channel  interference,  at  various  audio  frequencies, 
and  in  general  make  clear  the  notion  of  overmodulation  as  it 
applies  to  f-m  systems 


Me  —  2-fe  =  unmodulated  carrier 
frequency  in  radians  per  sec. 
CO,  =  2T.fe  =  modulating  signal 
frequency  in  radians  per  sec¬ 
ond. 


k  —  a  factor  proportional  to  the 
intensity  of  the  modulating 
signal  and  independent  of  the 
modulating  frequency. 

The  expression  for  the  instan¬ 
taneous  radio  frequency  voltage  e 
is  given  by  the  expression 

e  =  Ec 

=  Ec  sin  {dirt  -f  — *  sin  to.t) 

dl, 

=  E,  sin  -r  m  sin  m.t)  (2) 

where 

Ee  =  amplitude  of  the  unmodulated  carrier 


kdJ, 


modulation  index 


The  modulation  index,  m,  is  pro¬ 
portional  to  the  intensity  of  the 
modulating  signal  k  and  inversely 
proportional  to  the  frequency  of 
modulation  o>,.  By  expansion.  Equa¬ 
tion  (2)  can  be  expressed  in  the 
form 


e  —  E,{  Jo  (mi)  sin  did  (carrier  i 
—  Jl  (mi)  sin  (die  —  die)  I 

(—  !)"/«  (mi)  sin  {die  —  hdi.)  t 
(lower  side  frequencies) 


-1-  Ji  {m)  sin  (w,  w,)  t 

+  Jn  (mi)  sin  {di,  tidi.)  t  ] 

(upper  side  frequencies)  )  (8) 


where 

J»  (mi)  =  A  Bessel  function  of  the  cpiantity 
Ml  and  of  order  n. 
n  =  0,  1,2,3 . 


Kcpiation  (3)  shows  an  infinite 
ti umber  of  side  fretjuencies  extend¬ 
ing  in  both  directions  from  the 
carrier  frequency.  The  ratio  of  the 
amplitude  of  the  wth  side  freijuency 
to  the  amplitude  of  the  unmodulated 
carrier  is  /„(»/).  The  amplitudes  of 
the  side  frequencies  extending  be¬ 
yond  a  specified  frequency  band  will 
be  small  if  the  modulation  index,  ni, 
has  a  small  value.  The  value  of  m 
can  be  made  as  small  as  desired  by 
limiting  the  intensity  of  the  modu¬ 
lating  signal. 

The  Federal  Communications 
Commission  has  tentatively  speci¬ 
fied'  a  “maximum  bandwidth  of 
emission  of  200  kc”.  Limitations  on 
the  strength  of  signals  on  frequen¬ 
cies  beyond  this  band  width  are 
not  specified. 

.1  Prncticnl  Exmnjm’ 

Previous  treatments  of  frecpiency 
modulation  have  for  the  most  part 
considered  the  permissible  fre¬ 
quency  deviation,  /f/„  at  maximum 
modulation  to  be  equal  to  one-half 
the  allowable  bandwidth.  Under 
these  conditions,  the  magnitudes  of 
the  side  frequencies  beyond  the 
specified  band  may  be  sufficient  to 
cause  .serious  interference  in  adja¬ 
cent  channels.  As  an  illustration  of 
this,  a  bandwidth  of  150  kc  and  a 
modulating  frequency  of  15  kc  will 
be  assumed.  If  the  deviation  at 
maximum  modulation  is  made  equal 
to  one-half  the  bandwidth,  then 

kfe  =  A/. 

=  75,000  cps. 
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where  A/^  =  one-half  the  allowable 
bandwidth. 

At  the  ed^re  of  the  band,  » 
e«|ual  to  5.  The  ratio  of  the  ampli¬ 
tude  of  this  side  frequency  to  that 
of  the  unmodulated  carrier  is  0.261 
or  — 11.7  db.  A  signal  (tf  this 
magnitude  may  be  sufficient  to  cause 
interference  in  an  adjacent  channel. 
For  lower  modulating'  freipiencies 
Fijr.  1  shows  the  magnitude  of  the 
side  freipiencies  at  the  ed^'e  of  a 
one-half  bandwidth  of  75  kc  in  db 
lielow  the  unmodulated  carrier 
plotted  as  a  function  of  the  si^rnal 
f'recjuency. 

'I'he  amplitude  at  the  edpe  of  the 
freipiency  band  can  be  reduced  to 
any  desired  level  by  adeipiately  re¬ 
stricting  the  freipiency  deviation. 

of  the  carrier.  If  the  freipiency 
band  is  limited  by  filters  in  the 
radio  freipiency  stajres,  instead  of 
by  restricting  the  freipiency  devia¬ 
tion,  distortion  will  be  present  in 
the  reproduced  sivrnal. 

Figure  2  is  a  family  of  curves 
showing  the  ratio 

ma.ximum  frequency  deviation 
one-half  bandwidth 
plotted  as  a  function  of  the  ratio 
one-half  bandwidth 
audio  signal  frequency 
These  curves  are  for  the  condition 
that  the  amplitude  at  the  edjre  of 
the  freipiency  band  shall  be  a 
specified  number  of  decibels  below 
the  unmodulated  carrier.  The  levels 
are  indicated  on  the  curves.  These 
values  were  obtained  from  cross 
plots  of  Bessel  functions  that  are 
tabulated"'  for  values  of  ///  up  to  29. 
For  values  of  m  from  29  t(t  500  the 


functions  were  computed  from  a 
relation  jriven  by  Nicholson\  The 
curves,  when  plotted  in  this  form, 
are  tpiite  universal  and  cover  a 
ran^e  that  should  prove  sufficient 
for  any  reipiired  calculations. 

Vat'  of  ('iirceK  in  Fig.  J 

To  illustrate  the  use  of  these 
curves,  it  will  be  assumed  that  the 
amplitude  of  freipiencies  outside 
a  bandwidth  of  150  kc  (A/,  =  75  kc) 
must  be  at  least  60  db  below  the 
level  of  the  unmodulated  carrier. 
At  the  ed^e  of  the  band,  the  value 
of  n  is  determined  from  the  relation 


:itiii  slliiro 

kf. 

in  =  ~r- 

j, 

then 

_  k},  _  fr(*f|U(‘ncy  deviation 
n  /-  onc-lialf  l>andwidth 

For  an  audio  modulating  si^'iial 
of  7,500  cps,  the  value  of  ii  is  etpial 
to  10.  Keferrinjr  to  the  60  db  curve 
of  Fi^.  2;  the  maximum  permis¬ 
sible  freipiency  deviation  is  seen  to 
be  0.48  times  the  one-half  band¬ 
width  or  :I6  kc.  The  maximum  fre- 
(piency  deviation  depends  upon  the 
frequency  of  the  audio  signal  and 
its  smallest  value  corresponds  to  the 
highest  fretpiency  of  modulation.  As 
a  result  of  this,  it  mipht  naturally 
be  thought  that  the  maximum  devi¬ 
ation  of  the  carrier  frequency  would 
be  set  by  the  highest  audio  fre- 
(pieiicy.  This  is  not  actually  the 
case,  however,  because  in  the  usual 
broadcast  program  the  signal  in¬ 


tensities  at  the  hijjh  frequency  end 
are  of  relatively  low  level. 

F^xamination  of  the  relative  in¬ 
tensity-frequency  distribution  in 
speech  and  music  brings  out  the 
fact  that  the  audio  frequencies  in 
the  vicinity  of  400  cps  are  the  ones 
most  likely  to  produce  adjacent 
channel  interference.  This  is  illus¬ 
trated  in  Fig.  3.  Curves  1  and  2 
show  the  relative  peak  pressures, 
expressed  in  db  below  the  maximum, 
of  conversational  speech  for  men 
and  women  respectively.  These  two 
curves  were  drawn  from  the  data 
of  Dunn  and  Whitel  The  relative 
distribution  of  peak  power*  for  a 
75  piece  orchestra  is  shown  by  curve 
3.  Curve  4  is  a  plot  of  the  ratio 
maximum  frequency  deviation 
one-half  bandwidth 
expresed  in  db  relative  to  the  ratio 
at  400  cps.  In  determining  this 
latter  curve,  a  bandwidth  of  150 
kc  has  been  assumed  and  the  inten¬ 
sities  outside  of  this  band  are  lim¬ 
ited  to  60  db  or  more  below  the 
unmodulated  carrier. 

These  curves  indicate  that  if  the 
permissible  deviation  at  400  cps  is 
not  exceeded,  the  modulation  at  the 
higher  and  lower  audio  frequencies 
will  fall  within  the  required  limits, 
that  is,  the  frequency  deviation  will 
always  be  less  than  the  limit  set  by 
curve  4.  At  400  cps  the  maximum 
carrier  frequency  deviation  is  0.924 
times  the  one-half  bandwidth  (Fig. 
2).  From  these  results,  it  can  be 
concluded  that  if  the  ^  peak  audio 
intensities  for  speech  or  music  in 
the  vicinity  of  400  cps  produce  a 
frequency  deviation  of  less  than  90 
(Coiitiiiued  on  page  H5) 


Fiq.  2 — Universal  curves  showing  the  permissible  frequency 
deviation  for  various  audio  frequencies 

Fig.  3 — The  relative  energy  of  various  program  types  as  func¬ 
tions  of  frequency:  1.  male  speech:  2,  female  speech;  3.  75-piece 
orchestra;  4,  permissible  deviation  relative  to  400  cps 
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Recent  Improvements  in  Recording 


New  ineehanieal  tiesijais,  a  variety  <>l  iij^eful  jra<lj;ets.  <*iitters  which  permit  hijih-level  wide- 
ran^e  recordin';  without  distortion,  improved  playhack  pi(‘kups  ami  equalizers,  have 
hroiij;!!!  instantaneous  recordin';  in  line  with  the  trend  toward  hi‘;her  fidelitv 


By  C.  J.  lEBEl 


Recording  has  become  a  major  branch  of  the  broadcasting  business,  as  witness  the 
recording  room  of  the  N.B.C.  Rodio  City  Studios  which  contains  six  double-turntable 
acetate  recorders  (right)  and  four  wax-acetate  units 


During  the  past  year  much  at¬ 
tention  has  been  focused  on 
improving  the  quality  of  sound  re¬ 
production,  due  largely  to  the 
influence  of  frecjuency  modulati(*n. 
The  broadcasters  have  bc'pun  a 
search  for  better  microphones  and 
speech  input  etptipment,  better  i>ro- 
K'ram  lines,  improved  monitoring' 
methods  and  the  like.  Durinfr  the 
same  period  there  has  been  a  pro¬ 
nounced  development  of  improved 
etjuipment  for  instantaneous  record¬ 
ing  on  acetate  discs.  New  mechanical 
desijnis  with  .some  basic  improve¬ 
ments  and  many  useful  >rad>rets, 
better  cutters,  improved  playback 
facilities,  all  these  have  contributed 
to  the  recordinjr  techniejue  now 
available  to  broadcast  enjrineers. 
While  the.se  improvements  are  for 
the  most  part  well  known  to,  and 
widely  employed  by,  recordinjr 
studios,  they  have  not  received  the 
attention  they  de.serve  in  broadcast¬ 
ing  circles.  This  article  is  intended 
to  review  .some  of  the  improvements 
offered  by  new  equipment  and  to 
discuss  problems  in  connection  with 
its  use. 

The  Seu'  Machines 
What  do  the  new  recording  ma¬ 
chines  offer?  Primarily  they  offer 
trreater  mechanical  ri>ridity,  in  some 
ca.ses  approachintr  that  of  wax  re¬ 
corders,  which  are  the  standard  of 
comparison.  This  rigidity  means 
less  vibration  and  greater  perma¬ 
nence  of  adjustment.  One  important 
convenience  offered  by  the  new  ma¬ 
chines  is  greater  ease  in  adju.sting 
the  cutting  angle.  In  many  cases 
changing  the  angle  (which  is  often 
required  by  variation  of  stylus 


length)  has  been  just  sufficiently 
difficult  so  that  it  has  not  been  done, 
to  the  detriment  of  results. 

A  convenience  to  some,  almost  a 
necessity  to  others,  is  the  spiraling 
attachment  available  on  many  of 
the  newer  machines.  Some  custom¬ 
ers  insist  on  separation  of  numbers 
(»n  tran.scriptions,  many  others  would 
be  attracted  by  it  if  offered.  The 
spiral  in  to  the  finishing  groove  at 
the  end  adds  a  professional  touch 
to  artists’  records.  While  the  spiral 
can  be  produced  freehand,  it  is  very 
much  easier  to  do  so  by  mechanical 
means. 

Most  of  the  older  machines  lack 
time  or  diameter  scales.  In  a  busy 
studio  u.se  of  a  ruler  and  mental 
arithmetic  is  an  invitation  to 
trouble,  so  that  the  provision  of 
a  time  scale  is  definitely  worth 
while.  In  some  cases  provision 
for  rapid  change  of  feed  pitch  is 
also  available.  This  is  of  value 
chiefly  on  78  rpm  records  made  for 
processing,  when  the  record  must 
be  filled  regardless  of  the  duration 
of  the  .selection. 

A  very  worthwhile  improvement 
has  been  added  to  a  number  of  ma¬ 


chines  using  rubber  roller  rim  drive. 

In  the  pa.st  there  has  been 
considerable  trouble  resulting  from 
failure  to  release  the  pressure  on 
the  idler  when  the  machine  is  not 
in  use.  The  result  is  a  flat  roller  and 
a  serious  wow.  This  possibility  has 
been  eliminated  in  some  cases  by 
manual  interlock  of  motor  switch 
and  pressure  lever.  In  other  cases 
the  interlock  is  electrical,  that  is,  a 
magnet  is  used  to  relea.se  a  spring 
under  tension,  thus  allowing  pres¬ 
sure  to  be  applied  to  the  idler.  In 
either  case  there  is  no  chance  of 
that  embarrassing  di.scovery,  a  pair 
of  flattened  rollers  just  before  an 
important  job. 

Lately  there  has  been  .some  vogue 
for  vertical  dampers  or  dash  pots 
for  suppressing  vertical  motion  of 
the  cutter.  The  use  of  the  damper 
tends  to  prevent  uneven  coating  or 
machine  irregularities  from  pro¬ 
ducing  serious  cutter  bounce.  In 
profe.ssional  use  with  properly  sur¬ 
faced,  thick-base  discs,  and  well  ad¬ 
justed  trunnions,  such  dampers  are 
not  essential.  On  the  other  hand, 
records  on  very  thin  metal  are  apt 
to  show  more  or  less  bounce  regard- 
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“Tune  550— Highway  Radio  Ahead” 


i 


The  transmitting  equipment,  shown  above, 
includes  a  magnetic  tape  recorder  and 
reproducer,  which  repeats  a  one-minute 
message 

Approach  at'  the  western  end  of  the 
George  Washington  Bridge.  Radio- 
eqxiipped  motorists  are  \irged  to  tune  in 
ior  traffic  instructions 


For  several  weeks,  motorists 
traveling  on  the  w’est-to-east 
lanes  of  the  George  Washington 
Bridge,  between  New  Jersey  and  the 
upper  end  of  Manhattan  Island,  have 
noticed  a  sign  advising  them  to  tune 
their  auto  radios  to  550  kc.  Those 
who  have  done  so  have  received 
a  one-minute  recorded  broadcast 
from  a  local  transmitter  developed 
by  William  S,  Halstead,  New  York 
communications  engineer,  installed 
with  cooperation  of  the  Port  of  New 
York  Authority,  operators  of  the 
bridge.  The  installation  is  of  a 
temporary  and  experimental  nature, 
but  if  surveys  show  that  a  sufficient 
number  of  motorists  are  using  the 
transmissions,  it  may  go  into  per¬ 
manent  service  as  a  highway  aid. 


Low  power  Iraiismitter  on  George  Washington  Briflge,  New 
York,  transmits  instriietions  to  motorists  on  I'recpienev  at 
edge  of  hroadeast  hand.  Signal  confined  hy  use  of  indue- 
tion  field  only  and  hy  shielding  effect  of  the  bridge 


The  broadcasts,  which  are  recorded 
on  a  magnetic  tape  device  developed 
by  S.  K.  Wolf  and  S.  J.  Begun,  in¬ 
struct  the  motorist  concerning  the 
proper  lane  to  take  for  uptown, 
downtown  and  crosstown  routes. 

The  transmitter  is  a  conventional 
crystal-controlled  outfit  of  four 
watts  output  power,  which  feeds  a 
cable  strung  along  the  railing  of 
the  bridge  for  the  entire  distance  of 
3500  feet  between  the  two  towers. 
The  cable  is  terminated  in  a  400 
ohm-resistor  to  prevent  standing 
waves  and  attendant  radiation, 
hence  only  the  induction  field  sur¬ 


rounding  the  cable  is  effective.  The 
signal  strength  in  the  immediate 
vicinity  (within  one-sixth  wave¬ 
length)  is  sufficient  to  permit  re¬ 
ception  in  cars  in  the  adjacent  lanes, 
but  not  beyond.  The  shielding  effect 
of  the  bridge  cables  al.so  aids  in 
preventing  possible  interference 
with  broadcast  services.  The  signal 
quickly  disappears  as  the  motorist 
passes  the  end  of  the  “wave-guide” 
cable.  The  message  on  the  magnetic 
tape  may  be  erased  and  replaced 
when  necessary  entirely  by  remote 
control,  using  an  ordinary  telephone 
connection. 


Angh  adjustment 
Depth  of  cut  adjustment 

Spiralling  handle 


Feed  and  cut 
engaging  levers 


Presto's  Model  8  has  an  exceptionally  heavy  bed.  stylus  adjustments 
ior  angle  and  depth  of  cut.  a  vertical  damper,  time  scale,  interlocked 
roller  engagement  and  motor  switch,  and  a  spiralling  handle 


some  may  wear  so  badly  that  they 
must  be  played  at  only  a  few  Ki”inis 
pressure  to  last  over  six  or  eifrht 
pIayinK«,  while  others  may  last  for 
200  playings  at  li  ounces  pressure. 

Chip  Dinpostal 

With  nearly  everyone  recordin^r 
from  outside  to  in,  there  has  been 
much  interest  in  improved  methods 
of  Kettinjr  the  cut  thread  out  of  the 
way  of  the  stylus.  The  old  hand 
operated  paint  brush  demanded  too 
much  attention. 

Many  of  the  larger  studios  have 
installed  excellent  suction  .systems. 
The  first  requirement  for  success  is 
a  Kood  source  of  suction — which 
means  a  multistatre  centrifugal  ex¬ 
hauster  in  most  cases.  Such  a  sys¬ 
tem  requires  considerable  reserve 
vacuum.  The  second  “must”  is  a 
well  designed  nozzle,  hose  and  pipe, 
with  no  place  for  the  thread  to  catch 
and  jam.  A  helpful  detail  is  a  valve 
arrangement  for  seizing  the  thread 
at  high  vacuum,  then  continuing  to 
pull  it  in  at  much  reduced  vacuum, 
with  consequent  reduced  noise  and 
improved  monitoring. 

Other  organizations  have  tried 
the  recently  offered  mechanical 
brushes,  designed  along  new  lines  to 
wind  the  thread  up  in  a  coil  about 
the  center.  These  chip  chasers  have 
proven  a  very  effective  means,  mak¬ 
ing  suction  quite  unneces.sary,  and 
have  proved  just  as  reliable  a 
method. 


A  final  “must”  is  a  wider  range 
monitor  speaker.  Fortunately,  good 
speakers  have  dropped  greatly  in 
price,  and  there  is  a  wide  variety  to 
choo.se  from.  The  lowest  priced  is  a 
small  special  unit  of  conventional 
appearance  and  unconventional 
range ;  above  it  in  price  are  the  twin 
cones  with  the  tweeter  cone  coaxial 
with  the  woofer.  In  general  such 
units  have  no  better  high  frequency 
characteristics  than  the  first  men¬ 
tioned,  but  the  low  frequencies  are 
handled  much  better.  Finally,  there 
are  the  rather  expensive  dual  units 
using  a  multicellular  tweeter.  These 
.seem  to  have  even  wider  frequency 
range,  and  their  response  curve  is 
remarkably  smooth,  that  is,  free 
from  valleys  and  peaks.  Non-linear 
distortion  is  distinctly  less. 

Testing  the  New  Equipment 

In  connection  with  this  new  equip¬ 
ment  the  engineer  has  a  number  of 
things  to  consider,  comment  on 
which  could  be  prefaced  with  the 
remark  that  just  as  the  magician 
proves  that  the  hand  is  faster  than 
the  eye,  so  a  little  adventure  in  high 
fidelity  will  soon  convince  the  re¬ 
cordist  that  the  ear  complains  faster 
than  the  eye  viewing  a  meter  dial. 

The  writer  had  an  interesting 
experience  recently.  Artists’  records 

The  Scully  wax  recorder,  which  has  been 
adapted  for  use  with  acetate  blanks,  has 
hand-  and  power-operated  spiralling  gear. 

Tariable  pitch,  and  other  refinements 


had  been  made  in  one  studio,  using 
one  machine.  In  the  course  of  a 
spring  housecleaning  the  machine 
was  replaced  by  another  of  the  same 
type.  The  cutters  shifted  at  the 
same  time,  of  course.  Very  shortly 
afterwards,  complaints  began  to 
come  in  from  good  customers.  The 
music  had  a  “hard”,  distorted 
sound.  A  number  of  records  were 
checked.  The  effect  was  undoubt¬ 
edly  there.  The  distortion  meter 
had  a  definite  but  not  impressive 
story — 1.25  per  cent  (at  400  cps) 
for  the  good  cutter;  1.8  per  cent  for 
the  bad  one.  The  cutters  were  ex¬ 
changed,  customers  were  happy 
once  more.  The  customers  were  of 
a  type  not  notably  di.scriminating 
as  regards  tone  quality.  The  in¬ 
crease  in  distortion  was  less  than 
0.6  per  cent,  which  is  ordinarily  con¬ 
sidered  negligible. 

Perhaps  the  answer  lies  in  the 
type  of  distortion  produced.  A 
paper  by  Massa  showed  some  time 
ago  that  H  or  2  per  cent  harmonic 
distortion  might  be  accompanied  by 
crossmodulation  with  an  intensity 
of  8  per  cent.  The  ordinary  single 
frequency  test,  of  course,  will  not 
reveal  that.  The  .same  e.xplanation 
shows  why  cutter  distortion  at  5000 
cps  and  above  cannot  be  neglected. 
The  .second  harmonic  lies  above  the 
range  of  the  average  pickup,  but 
most  important  crossmodulation 
tones  usually  lie  very  close  to  the 
fundamental  in  frequency  and  hence 
can  be  .seriously  offensive. 

Another  interesting  case  arose  in 
attempting  to  determine  the  veloc¬ 
ity-distortion  curve  of  a  cutter  by 
use  of  the  optical  pattern.  The  en¬ 
gineer  concerned  applied  400  cps, 
increasing  the  level  in  2  db  steps. 

(Continned  on  page  7!>) 
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Cushion 
k  mount 


Carriage  feed  and  cutter  dropping  le\ 
\  Depth  and  angle 
'  adjustments  ^ 


Section  noiite 

{  Angle  and  depth  rx/justments 
I  Vertical  damper 


Advance  ball 
adjustment  ^ 


Time 

stales  -  - 


The  RCA  Model  73A  machine  is  fitted  with  dn  interlocked  motor  switch 
and  roller  engagement,  spiral  gear,  time  scale,  suction  noule,  a  dash- 
pot  for  damping  vertical  motion,  and  variable  feed  pitch 


Variable  feed- 
pitch  mechanism 
/ 


Spiralling  handle 


Interlocked  motor 
svritch,  roller  engage¬ 
ment  and  brake 


The  Fairchild  portable  recorder  uses  a  gear  system  for  selecting  t; 
ious  pitches  and  direction  of  cut,  with  a  time  scale  to  match  each  cJ 
and  an  advance  ball  which  controls  the  depth  of  cut  continuous  I 


less  of  machine  adjustment.  In  such 
cases,  the  damper  attachment  may 
be  of  real  help. 

It  is  a  good  sign  to  see  that  more 
recorders  are  now  equipped  with 
microscopes  and  proper  lighting, 
since  the  hand  glass  is  rather  un¬ 
certain  when  used  in  a  hurry  and 
the  magnification  is  low.  The  new 
rigidly-supported  high  power  cor¬ 
rected  magnifiers  and  illuminators, 
with  a  battery  in  the  base,  have 
proven  a  popular  and  acceptable  re¬ 
placement  for  the  microscope  where 
installation  space,  cost,  or  weight 
are  determining  factors. 

New  Cutters 

The  last  year  has  seen  a  rapid 
increase  in  popularity  of  the  new 
and  improved  cutters.  In  the  past 
the  cutter  has  always  been  the  neck 
in  the  quality  bottle.  Skillful  equali¬ 
zation  has  been  used  to  give  wdde 
frequency  range,  but  it  could  not 
remove  non-linear  distortion.  Thus 
it  has  been  inadvisable  to  record  at 
high  amplitude,  which  in  turn  re¬ 
duced  the  signal-to-noise  ratio  by 
10  or  15  db. 

The  best  cutters  of  today  will 
record  over  10  db  more  modulation 
( w'hile  retaining  low^  distortion) 
than  older  cutters  could  put  on  at 
saturation  (at  high  distortion).  At 
the  same  time  the  frequency  re¬ 
sponse  curve  has  been  made  flat  to 
8000  or  9000  cps,  depending  on  the 
make.  Of  course,  not  all  makes  are 


equally  good.  In  particular,  the 
amount  of  distortion  at  normal  op¬ 
erating  level  varies  widely.  The 
distortion  variation  with  frequency 
is  also  of  importance. 

Sew  Playback  Systems 

Of  course,  with  wider  recorded 
fre(iuency  range,  wider  playback 
range  becomes  a  nece.ssity.  As  a 
matter  of  fact,  the  playback  should 
have  a  potentially  wider  range.  This 
means,  of  course,  both  an  improved 
pickup  and  improved  equalization. 
In  particular,  provision  for  match¬ 
ing  the  orthacoustic  curve  must  be 
made. 

In  most  cases  a  “permanent” 
point  pickup  unit,  which  will  oper¬ 
ate  at  low  pressure,  is  indicated. 
There  is  a  current  fallacy  that  the 
w'idest  range  is  likely  to  be  secured 
in  a  dynamic  unit.  This  is  not  so. 
The  characteristics  depend  (as  is  so 
often  the  case)  not  on  the  type  of 
construction  but  on  the  skill  of  the 
designer.  As  a  matter  of  fact,  the 
widest  range  at  the  moment  is  prob¬ 
ably  offered  in  a  recent  magnetic 
unit  with  essentially  flat  response 
to  15,000  cps,  and  which  tracks 
w’ell  at  about  15  grams  pressure. 

It  should  be  pointed  out  that  the 
pre.ssure  required  to  give  perfect 
tracking  is  invariably  much  greater 
than  that  required  to  keep  the  needle 
from  jumping  into  the  next  groove. 
For  example,  a  pickup  device  widely 
publicized  several  years  ago,  would 


10  20 
Input  Level  Db 


10  20 
Input  Level  Ob 


Comparison  oi  cutter  distortion 
measurements  by  the  width  oi  the 
optical  pattern  and  by  mears  oi  o 
distortion  meter 

not  jump  the  groove  at  3  or  4  grams 
pressure.  To  make  it  track  jtroperly 
it  actually  required  35  or  40  grams 
(at  w’hich  the  unit  collapsed). 

Lower  needle  pressure  is  not  very 
vital  in  the  broadcast  station  except 
in  connection  with  two  applications; 
masters  should  be  played  back  at 
very  low  pressure,  and  audition 
records,  which  mu.st  be  played  many 
times,  akso  should  be  played  under 
reasonably  good  conditions.  Certain 
coating  formulas  are  much  more 
fragile  than  others.  Specifically, 
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OPERATION  of  a 


Fig.  1 — Circidt  diagram  of  the  self-excited  variable 
frequency  inverter 


Fig.  2 — The  oscillograms  of  Fig.  3  were  made  with 
the  oscillograph  connected  to  the  points  indicated 


The  development  of  a  new  tool 
in  industry  often  leads  to  new 
uses  and  applications.  Inversion, 
which  is  the  process  of  changing 
direct  current  to  alternating  current 
is  the  result  of  the  development  of 
the  grid-controlled,  gas-filled  tube. 
Many  inverter  circuits  have  been 
devised,  some  of  which  have  been 
put  into  actual  service,  while  others 
atill  being  studied  and  developed 
show  promise  of  being  of  practical 
value.  The  particular  circuit  herein 
discussed  has  been  published  in 
several  places,  but  as  far  as  is  known 
its  characteristics  have  not  before 
been  given.  Also  certain  additions 
to  the  circuit  for  ease  in  starting 
have  been  added. 

The  circuit,  which  is  shown  in 
Fig.  1,  is  a  variation  of  the  so- 
called  separately  excited  parallel  type 
inverter  modified  for  self-excitation 
and  variable  frequency  operation. 
Since'  the  principle  qf  pperation  of 


this  parallel  type  inverter  circuit,  its 
performance  and  its  calculation  have 
been  rather  completely  covered  in 
other  places’'  “  attention  will  here  be 
given  to  variations  in  the  circuit 
which  provide  for  self-excitation  and 
variable  frequency  operation.  As  is 
shown  in  Fig.  1,  the  grid  of  each  tube 
is  connected  to  a  circuit  consisting 
of  a  condenser,  an  inductance,  and  a 
variable  resistance.  The  condenser 
is  charged  when  the  tube  to  whose 
anode  it  is  connected  is  not  conduct¬ 
ing,  since  it  is  then  in  effect  across 
the  whole  primary  winding  of  the 
transformer  less  the  voltage  drop  in 
the  other  tube.  The  condenser  dis¬ 
charges  through  the  R-L  circuit  and 
the  tube  to  which  it  is  connected, 
when  this  tube  fires.  The  constants 
of  the  components  of  the  R-L-C  cir¬ 
cuit  to  which  each  grid  is  connected 
are  so  chosen  that  the  discharge  is 
oscillatory,  the  frequency  being  ad¬ 
justable  by  the  value  of  the  variable 


resi.stance.  That  this  di.scharge  be 
of  o.scillatory  nature  is  required  for 
a  sharp  approach  of  the  grid  voltage 
to  the  zero  line,  which  w'll  give  a 
definite  firing  time  for  each  tube 
and  by  the  fact  that  under  certain 
conditions  of  operation  such  as  low 
values  of  anode  voltage,  positive  volt¬ 
age  is  required  for  firing  the  tube. 

In  order  better  to  visualize  the 
conditions  in  this  circuit  during 
operation,  oscillograph  elements  were 
connected  at  selected  positions  as 
shown  in  Fig.  2  and  the  oscillograms 
obtained  are  those  of  Fig.  3.  Since 
these  oscillograms  were  taken  on  a 
cathode  ray  oscillograph,  it  was  not 
possible  to  line  them  up  as  well  as 
could  be  desired,  but  vertical  lines 
have  been  drawn,  the  interval  be¬ 
tween  them  representing  the  time 
tube  1  is  firing.  The  next  interval 
on  either  side  is  the  time  when  tube 
2  is  firing  and  tube  1  is  not  con¬ 
ducting. 
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SELF-EXCITED  INVERTER 


Results  of  a  study  of  the  characteristics  of  a  typical  self- 
excited  inverter  using  grid-controlled  gas  tubes,  which  pro¬ 
vides  alternating  current  at  varying  frequencies  from  40  to 
110  cycles  per  se<‘ond  from  a  d-c  source.  Curves  showing 
eHi<*iencv.  tre<piency.  regulation,  and  wave-form  are  given 


The  operation  of  this  circuit, 
using  the  oscillograms  as  an  aid  to 
its  better  understanding,  will  be 
briefly  discussed.  Let  it  be  assumed 
that  the  circuit  is  in  operation  and 
that  tube  2  has  just  fired.  Condenser 
Cj,  which  was  charged  to  nearly  the 
full  potential  of  the  transformer 
primary  and  with  its  positive  ter¬ 
minal  connected  to  the  anode  of  tube 
2,  now  starts  to  discharge  through 
this  tube  and  the  associated  R-L 
circuit  at  a  rate  determined  by  the 
constants  of  this  circuit.  As  shown 
in  oscillogram  Ei  of  Fig.  3,  this  dis¬ 
charge  holds  the  grid  of  T,  negative, 
thus  preventing  its  firing  although 
its  anode  voltage  rapidly  becomes 
positive  after  the  negative  commu¬ 
tating  impulse  from  the  commuta¬ 
ting  condenser  which  stopped  it  from 
further  conduction.  The  anode  volt¬ 
age  conditions  are  shown  in  oscillo¬ 
gram  E,.  The  currents  in  the  grid- 
control  circuit  are  shown  in  h.  It  and 
/,;  the  voltage  across  the  grid  con¬ 
denser  by  oscillogram  Ei.  As  the  dis¬ 
charge  of  condenser  C,  progresses, 
the  voltage  applied  to  the  grid  of  h 
decreases  until  the  critical  grid  fir¬ 
ing  potential  is  reached  and  this 
tube  fires.  The  commutating  con¬ 
denser  C  then  discharges  and  stops 


Tt  from  further  conduction.  While 
all  of  the  above  action  has  been  tak¬ 
ing  place,  grid  condenser  C,  has  been 
charging  and  it  now  repeats  the  per¬ 
formance  of  Cl,  this  time  preventing 
the  firing  of  Tj  until  the  proper  time 
is  reached.  As  is  seen,  the  recur¬ 
rent  action  of  the  condenser  dis¬ 
charges  in  the  two  grid  circuits 
causes  the  tubes  to  fire  alternately, 
thus  giving  an  alternating  current 
in  the  secondary  of  the  transformer. 
The  voltage  output  is  shown  in  oscil¬ 
logram  Ei.  The  variable  resistances 
in  the  grid  circuits  serve  to  control 
the  frequency  of  operation  of  the 
tubes  and  thereby  the  frequency  of 
the  output  current.  They  are  ad¬ 
justed  together  when  the  frequency 
is  changed  and  in  such  relation  to 
each  other  that  the  current  taken  by 
each  tube  is  the  same.  This  latter 
feature  of  operation  is  of  consider¬ 
able  convenience  since  gas-filled  arc 
tubes  seldom  have  exactly  the  same 
characteristics  and  some  type  of 
balancing  circuit  must  be  used.  The 
particular  circuit  used  in  these  tests 
could  be  operated  from  40  to  110 
cycles  per  second. 

There  seems  to  be  no  particular 
reason  why  this  circuit  should  start 
operating  when  direct  current  is  ap- 


Fig.  3  —  OscillogromB 
thowing  the  Toltages 
acroBB  and  currentB 
through  variouB  portionB 
of  the  circuit  ob  indicated 
in  Fig.  2 

Fig.  4  —  Operating  effi¬ 
ciency.  frequency,  and 
input  Toltage,  with  out¬ 
put  held  conBtont 


6+300 


IN  commercial  applications  and  in 
experimental  and  research  work 
in  the  field  of  communications  and 
electronics  a  need  often  arises  for 
generators  which  can  supply  syn¬ 
chronizing  or  keying  pulses  at  power 
line  frequency.  Pulses  generated  by 
these  devices  in  order  to  be  effective 
must  in  most  cases  have  a  sharp 
wave  front  and  be  of  short  duration. 

Among  the  applications  of  such 
pulses  are  synchronization  in  tele¬ 
vision,  control  of  grid-controlled  gas- 
filled  tubes,  and  radio  transmissions 


By  S.  P.  SASHOFF  and  W.  K.  ROBERTS  Vnivrruily  u1  Floriiln 


Two  methods  of  "generating  sharp  impulses  at  jmwer-line  fretpienev  in  <*onveiitional  tul>e 
circuits,  useful  in  television,  in  grid-controlled  gas-tul>e  rectifier  circuits,  and  for  keying 
transmissions  used  in  ionosphere  measurements.  Pulses  of  100  volts  amplitude  and  about 
100  microseconds  duration  are  obtained 


Fig.  1 — Impulse-wave  output  derived  irom 
R-C  circuit  with  square-wave  input 
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luiiuopiicic  icaraicii. 

Television  picture  elements  are 
sent  and  received  in  the  proper  order 
by  keeping  the  horizontal  and  ver¬ 
tical  sweep  frequency  generators 
in  synchronism  with  each  other  and 
with  a  reference  frequency.  In  the 
United  States  this  reference  fre¬ 
quency  is  the  power  line  frequency 
of  sixty  cycles  per  second.  Thus 
the  sweep  oscillators  can  be  readily 
held  in  step  with  each  other  by 
being  fed  with  pulses  from  the  sup¬ 
ply  line.  While  in  television  broad¬ 
casting  the  system  may  be  made  in¬ 
dependent  of  the  power  frequency, 
experimenters  in  this  field  find  it 
necessary  to  synchronize  with  the 
power  line  if  drift,  streaking  of  the 
image  and  other  undesirable  effects 
are  to  be  avoided. 

Industrial  applications  of  grid 
controlled  gas  filled  tubes  have  mul¬ 


Flg.  2 — Simple  pulse  generator  using  the  square-wave  principle.  Two 
sets  of  output  pulses,  of  somewhat  unequal  amplitude,  are  produced 
above  and  below  the  axis 


tiplied  very  rapidly  in  recent  years. 
Anyone  familiar  with  these  tubes, 
however,  is  aware  of  the  fact  that 
they  are  unstable  unless  controlled 
by  pulses  on  the  grid  so  selected  in 
phase  and  magnitude  that  the  break¬ 
down  characteristic  curve  is  cut  at  a 
very  sharp  angle.  The  usual  way 
of  stabilizing  them  is  to  supply  a 
sinusoidal  wave  of  voltage  to  the 
grid  of  a  magnitude  which  is  several 
times  the  critical  breakdown  voltage 
value  and  thus  keep  them  in  step 
by  “brute  force”.  Sharply  peaked 
control  pulses  of  the  same  frequency 
would  assure  greater  stability  but 
have  not  been  used  because  of  the 
cost  and  complexity  of  available 
generators  of  such  pulses. 


In  the  field  of  ionosphere  re¬ 
search  the  height  of  the  i  )nized  lay¬ 
ers  is  measured  by  sending  sharp 
radio  pulses  at  vertical  incidence  and 
then  recording  the  direct  pulse  and 
the  echoes  from  the  various  lay¬ 
ers.  To  accomplish  this  the  output 
stage  of  the  transmitter  is  bia.sed 
beyond  cutoff.  The  transmitter  is 
then  keyed  by  wiping  off  this  bias 
for  a  very  short  period  of  time  with 
a  voltage  from  a  pulse  circuit.  Be¬ 
cause  the  time  required  for  a  pulse 
to  reach  the  ionized  layers  and 
return  to  the  ground  is  short,  the 
pukses  must  be  of  one  hundred  to 
five  hundred  microseconds  duration. 

A  number  of  very  ingenious  meth¬ 
ods  have  been  devised  for  generat- 
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Fig.  5 — Curves  showing  the  variations  in  frequency  as  the  load  is  changed 


plied  to  the  input.  One  of  the  diffi¬ 
culties  as  the  circuit  was  first  used 
was  that  it  was  at  times  very  diffi¬ 
cult  to  start.  The  addition  of  a  grid 
transformer  and  switch  S,  as  shown 
at  the  bottom  of  the  diagram  of  Fig. 
1,  allowed  the  circuit  to  be  started 
as  a  separately  excited  inverter.  To 
use  this  method  of  starting  the  re¬ 
sistance  R  should  be  adjusted  to  give 
the  inverter  the  same  approximate 
frequency  as  the  current  supplied  to 
the  grids.  The  switch  S  is  closed  and 
low  voltage  direct  current  applied 
to  the  input.  As  soon  as  the  inverter 
starts  S  is  opened  and  the  d-c  volt¬ 
age  brought  to  the  operating  value. 

There  are  several  more  or  less 
interdependent  variables  involved  in 


the  operation  of  this  inverter.  They 
are  the  voltage  input,  the  voltage 
output,  the  load  current,  the  out¬ 
put  frequency  and  the  efficiency. 
Several  tests  were  made  upon  this 
circuit  in  order  to  determine  their 
relations  and  the  general  character¬ 
istics  under  various  conditions  of 
operation.  The  results  of  these  tests 
are  shown  in  Figs.  4  through  7  in¬ 
clusive  and  will  be  discussed  but 
briefly  since  they  are  more  or  less 
self-evident.  All  of  these  tests  were 
made  with  a  non-inductive  load. 

The  characteristics  shown  in  Fig. 
4  were  obtained  by  varying  the  in¬ 
put  voltage  to  hold  the  output  volt¬ 
age  constant  as  the  load  was 
changed,  and  at  the  same  time  hold¬ 


ing  the  frequency  constant  by  the 
necessary  adjustments  to  the  grid- 
circuit  resistors.  As  can  be  .seen,  a 
large  variation  of  input  voltage  was 
necessary,  as  would  be  expected  due 
to  the  poor  regulation  of  this  type  of 
apparatus. 

In  order  to  determine  the  effect 
of  changing  load  on  the  frequency, 
the  tests  whose  results  are  shown  in 
F'ig.  5  were  made.  In  both  of  the.se 
the  output  voltage  was  held  constant 
as  before  with  changing  load.  In 
the  test  of  Fig.  6 A  the  frequency 
was  adjusted  to  60  cps  at  light 
load  and  then  not  adjusted  further, 
while  in  the  test  of  Fig.  5B  the 
frequency  was  adjusted  to  60  cps 
at  full-load  and  allowed  to  vary  at 


Fig.  6 — Curyet  showing  characteristics  when  input 
Toltage  is  held  constant  and  (A)  frequency  held  con¬ 
stant,  (B)  frequency  set  to  60  cps  at  full  load  and 
allowed  to  Tary  and  (C)  frequency  set  to  60  cps  at 
light  load  and  allowed  to  Tary 
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Fig.  7  Input  voltage  held  constant  with  output  voltage 
and  frequency  set  to  normal  values  at  light  load  and 
both  allowed  to  vary  at  will 


Fig.  8 — Variation  of  the  output  voltage  as  the  fre¬ 
quency  changes  with  input  and  load  constant.  The  dis¬ 
continuity  results  from  changed  commutator  capacitance 


will.  Tlu'.se  indicate  that  with 

c(»n.statit  ontiiut  voltage  the  fre- 
Muency  variations  with  varying:  load 
are  small. 

In  the  tests  whose  results  are 
yiven  in  Fi^r.  (>  the  input  voltage  was 
held  constant  at  the  proper  value  to 
yive  normal  output  voltajre  at  full- 
load.  In  A  the  fretiuency  was  held 
constant.  In  H  the  frequency  was 
set  at  (>0  cps  at  full-load,  while  in 
('  the  fre(|uency  was  adjusted  to 
normal  at  liyht  load. 

The  results  of  Fi^.  7  were  ob¬ 
tained  by  holdinjr  the  inj)ut  volta^'e 
constant  at  the  proper  value  to  give 
normal  output  voltage  at  light  load, 
and  the  freijuency  was  adjusted  t(» 
(>()  cps  at  this  same  load  and  then 
allowed  to  vary  as  the  load  was 
changed. 

The  conditions  of  Fig.  8  were 
chosen  to  show  how  the  voltage  out- 
I)ut  changed  as  the  fre(piency  was 
changed.  In  this  run  the  input 
voltage  was  held  constant  at  the 
value  which  gave  an  output  volt¬ 
age  of  110  when  the  load  was  ad¬ 
justed  to  1000  watts  at  60  cps. 
As  the  frequency  was  varied  both 
the  load  and  the  input  voltage  were 
held  constant.  In  this  type  of  cir¬ 
cuit  the  higher  the  frequency  the 
smaller  may  be  the  commutating  ca¬ 
pacitor  and  for  best  results  it  is 
often  advisable  to  reduce  the  value 
of  this  circuit  element  as  the  fre- 
(piency  is  increased.  That  this  was 
done  in  this  test  is  shown  by  the 
discontinuity  in  the  curve. 

The  output  wave  forms  from  in¬ 
verters  are  not  in  general  noted  for 
their  sinusoidal  characteristics  and 
are  affected  considerably  bv  the 


Fig.  9  -Oscillograms  of  the  voltage 
and  current  under  various  load 
conditions 


ELECTRONICS  —  September  19  W 


character  of  the  load  into  which  they 
are  feeding.  The  oscillograms  of 
F'ig.  9  show  .some  characteristic 
output  voltage  and  current  waves 
under  various  conditions  of  loading 
and  with  various  frequencies  of  op¬ 
eration.  O.scillogram  A  was  obtained 
with  a  non-inductive  load  of  950 
watts  at  110  volts,  GO  cps.  That  of 
H  represents  the  wave  forms  with 
an  inductive  load  of  190  watts.  110 
volts.  60  cps,  24  per  cent  power 
factor.  A  capacitative  load  of  116 
watts,  110  volts,  60  cps  at  13  per 
cent  power  factor  was  used  for  o.scil¬ 
logram  C.  Both  D  and  E  represent 
the  conditions  with  non-inductive 
loads,  the  first  with  a  load  of  980 
watts  at  110  cps,  the  latter  with 
a  load  of  830  watts  at  43  cps. 

This  inverter  was  quite  stable  in 
its  operation,  in  fact  operating  in 
much  the  same  manner  as  a  small 
alternator.  With  the  sudden  appli¬ 
cation  of  the  addition  to  the  load 
both  the  frecpiency  and  voltage 
would  drop  until  the  load  was  picked 
{Coiithiiied  on  pnge  81) 

Fig.  10 — Oscillograms  showing  the 
result  oi  the  sudden  application  of 
load  to  the  inverter.  (A)  Non-induc¬ 
tive  load.  (B)  Inductive  load.  (C) 
Capacitative  load 
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ing  sharp  pulses  of  the  tyjie  needed 
for  the  applications  listed  above’". 
Some  of  these  devices  u.se  mechani¬ 
cal  contacts  and  are  driven  by  syn¬ 
chronous  motors,  others  depend  on 
spray  jets,  a  third  group  utilizes 
multivibrator  circuits,  while  by  far 
the  most  popular  method  has  been 
to  generate  a  pulse  across  a  resistor 
by  current  from  a  condenser  dis¬ 
charging  through  a  gas  filled  tube. 

The  two  circuits  described  in  this 
paper  are  of  interest  because  of 
their  simplicity.  They  u.se  only  high 
vacuum  thermionic  tubes  and  as  a 
result  are  perfectly  stable.  The 
arrangements  are  only  slightly  af¬ 
fected  by  the  aging  of  the  compo¬ 
nent  parts  and  are  independent  of 
line  voltage  variation.  The  effect 
of  the  line  voltage  variation  is  elim¬ 
inated  by  driving  the  amplifier  tubes 
to  saturation  or  cut-off. 

Sipiti i  f-W'd vf  i  'ii  ciiit 

The  first  circuit,  shown  in  Fig.  2. 
operates  on  the  principle  that  very 
simple  transients  are  set  up  in  a 
resistance-capacitance  series  net¬ 
work  when  a  scpiare  wave  of  voltage 
is  applied  to  its  terminals.  The 
wave  shape  of  the  charging-dis¬ 
charging  current,  the  voltage  across 
the  cimdenser,  and  the  voltage  across 
the  resistance  of  such  a  network  are 
easily  determined  from  the  funda¬ 
mental  Kirchoff's  law  e<iuation  which 
states  that  the  sum  of  the  voltages 
around  a  closed  path  is  equal  to 
zero.  Thus  for  the  case  when  the 


voltage  across  the  network.  Fig.  1, 
ri.ses  instantaneously  from  zero 
to  its  ma.ximum  value  E  and  re¬ 
mains  at  this  value  for  a  time: 


t:  -  ill  -  -1 J  idi  =  0 


the  solution  of  which  is 


and  the  voltage  across  the  resistor  is 


It  can  be  seen  from  the  e.xpression 
for  c.  that  the  voltage  across  the 
resistor  drops  from  its  i)eak  value 
E  to  nearly  zero  in  a  very  short 
time  if  the  capacitance  C  and  the 
resistance  R  are  made  small.  In 
a  practical  ca.se.  however,  the  time 
required  for  the  decrease  of  the 
voltage  to  a  negligible  value  is 
somewhat  longer  because  the  wave 
front  of  the  voltage  wave  may  not 
be  exactly  perpendicular  to  the  zero 
axis  and  because  a  small  amount 
of  reactance  is  pre.sent  in  the  leads. 

The  circuit  is  shown  in  Fig.  2. 
Line  voltage  is  applied  to  a  6H6 
tube  double  diode  used  as  a  half¬ 
wave  rectifier.  The  rectified  output 
across  a  50,000-ohm  resistor  is  then 
fed  directly  to  the  grid  of  a  6SJ7 
pentode  operating  at  zero  bias.  The 
polarity  of  the  signal  applied  to  the 
grid  is  such  that  it  always  drives 


the  grid  in  a  negative  direction. 
Tbe  6SJ7  is  thus  very  rapidly 
driven  to  cut-off  and  a  voltage  ap¬ 
pears  across  its  plate  resistor  R3  as 
shown  on  Fig.  2B.  This  voltage  is 
then  applied  across  resi.stance  R^ 
in  series  with  the  conden.ser  Ci.  The 
resultant  transient  has  already  been 
described.  The  voltage  wave  across 
/?,  is  shown  on  Fig.  2C. 

It  should  be  noted  that  there  are 
two  peaks  pre.sent  and  that  one  of 
these  is  sharper  than  the  other. 
This  is  due  to  the  fact  that  the  out¬ 
put  of  the  pentode  is  not  an  ideal 
.square  wave.  This  is  not  a  di.sad- 
vantage,  however,  since  it  offers  a 
choice  between  two  pulses,  either 
one  of  which  could  be  .separated 
from  the  other  by  means  of  a  diode 
or  biased  triode.  The  presence  of 
the  second  pulse  usually  is  of  little 
importance  since  it  occurs  in  a  di¬ 
rection  for  which  the  controlled  de¬ 
vice  may  be  made  inoperative. 

The  generated  pulses  are  approxi¬ 
mately  triangular  in  shape.  For 
most  applications  this  is  (piite  satis¬ 
factory.  If  a  fiat-topped  pulse  is 
desired,  however,  it  can  be  readily 
obtained  by  applying  the  voltage 
across  R..  to  the  grid  of  a  second 
amplifier  in  a  positive  direction  and 
driving  this  tube  to  saturation. 

The  width  of  the  desired  pulse 
can  be  controlled  by  selecting  appro¬ 
priate  values  for  C,  and  R^.  Curves 
for  the  relative  values  of  voltages 
obtained  for  different  values  of  C, 
(Continued  on  page  88) 
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Fig.  4 — (AboTe)  Typical  constant-output- 
voltage  phase-shiiting  circuit  and  its  vector 
diagram,  useful  for  adjusting  the  position 
of  the  pulses  over  the  range  from  15  to 
165  electrical  degrees 


Fig.  3 — (Left)  Pulse  generator  using  the 
"V"  portion  of  a  full-wave  rectified  wave 
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iiUMi  who  want  to  ho  ready  to  sei  viet* 
f-ni  receivers  when  the  (ieniaml  for 
such  work  develops.  The  three  hooks 
are  written  in  a  clear  style  which 
strikes  a  balance  between  heinjr  so 
elementary  that  the  reader  soon  loses 
interest  and  hein^r  too  technical. —  *  .w. 


Electro(iyiiuiiiH‘8 

By  Leigh  Page  and  Norman  Ilsley 
Adams,  Physics  Department,  Yale 
University.  D.  Van  Sostrand  Co.  506 
pages.  lUnstrated.  Price,  $6.50. 

The  authors  are  well  know'n  for 
their  previous  texts  on  mathematical 
and  theoretical  physics,  “Introduction 
to  Theoretical  Physics”  and  “Prin¬ 
ciples  of  Electricity,”  and  their  third 
book  shows  much  the  same  point  of 
view  and  general  method  of  treatment 
as  appears  in  their  earlier  works.  The 
present  volume  is  designed  as  an  ad¬ 
vanced  text  in  the  theoretical  aspects 
of  electrodynamics  and  is  decidedly 
mathematical  in  nature,  since  it  makes 
extensive  use  of  vector  analysis,  dya- 
dics,  tensors,  and  similar  mathematical 
tools. 

As  indicated  by  the  chapter  head¬ 
ings,  the  subjects  treated  are:  three- 
dimensional  vector  analysis,  principle 
of  relativity,  the  electromagnetic  field, 
elementary  charge  and  force  equa¬ 
tions,  material  media,  energy  stress 
momentum  and  wave  motion,  radiation 
and  radiating  systems,  electromagnetic 
theory  of  light,  four-dimensional  vector 
analysis,  and  general  dynamical  meth¬ 
ods.  Electrostatics  and  electromagnet¬ 
ics  are  not  treated  in  great  detail. 

The  text  will  be  found  useful  to  re¬ 
search  engineers  and  advanced  stu¬ 
dents  in  theoretical  physics  or  elec¬ 
tricity;  it  is  not  intended  for  those  who 
may  be  looking  for  sugar-coated 
knowledge. — b.d. 

Service  by  Signal  Tracing 

By  John  F.  Rider.  Published  by  John 
F.  Rider,  LOU  Fourth  Ave.,  New  York, 
1939,  360  pages.  Price  $2.00. 

The  Oscillator  at  Work 

By  John  F.  Rider.  Published  by  John 
F.  Rider,  UOU  Fottrth  Ave.,  Netv  York, 
19U0,  2U3  pages.  Price  $1.50. 

An  Introduction  to 
Frequency  Modulation 

By  John  F.  Rider.  Published  by  John 
F.  Rider,  UOU  Fourth  Ave.,  New  York, 
19U0,  136  pages.  Price  $1.00. 

These  three  books  are  intended  to 
help  the  radio  service  man  increase 
his  efficiency  and  his  earning  power. 
Each  of  them  sticks  very  close  to  fun¬ 
damentals  in  the  explanation  of  circuits 
and  new  technique.  The  first  book  ex¬ 
plains  the  method  of  servicing  radio  sets 
and  allied  equipment  by  injecting  a 
signal  into  the  set  at  the  antenna  lead 
and  then  determining  the  nature  of  that 
signal  as  it  progresses  along  its  path 


through  the  receiver.  The  defect  in  the 
set  is  then  localized  after  definite 
knowledge  is  obtained  of  where  the 
signal  is  no  longer  normally  passed 
through  the  various  circuits.  By 
proper  interpretation  of  what  happens 
to  the  signal,  the  nature  of  the  defect 
may  be  determined. 

The  second  book.  “The  Oscillator  at 
Work”,  is  devoted  to  a  description  of 
the  various  types  of  oscillators  in  cur¬ 
rent  use  and  also  those  whose  capabil¬ 
ities  have  not  as  yet  been  fully  utilized. 
159  of  the  243  pages  are  devoted  to  a 
description  of  the  fundamental  oscil¬ 
lator  circuits  and  the  problems  en¬ 
countered  in  their  use.  The  remainder 
describes  the  methods  of  servicing  the 
oscillators  in  various  types  of  service, 
such  as  those  in  test  oscillators  and  re¬ 
ceivers.  An  appendix  is  included  which 
describes  methods  of  testing  receivers 
as  standardized  by  the  I.R.E.  .4n  ex¬ 
tensive  bibliography  of  articles  ap¬ 
pearing  in  periodicals  covering  this 
subject  matter  is  provided. 

“Frequency  Modulation”  serves  to 
introduce  the  serviceman  to  that  new 
branch  of  the  radio  art.  The  funda¬ 
mentals  of  frequency  modulation  and 
methods  of  servicing  f-m  receivers  are 
explained  from  the  point  of  view  of 
the  serviceman.  A  bibliography  of  f-m 
articles  is  included.  This  book  will  un¬ 
doubtedly  be  of  value  to  those  service- 

•  •  • 


NEW  CODE  SCHOOL 


Students  learning  radio  code  at  the 
new  Maritime  Training  School  op¬ 
erated  at  Gallup's  Island,  Boston 
Harbor,  by  the  Coast  Guard  with 
funds  provided  by  the  Maritime 
Commission.  110  students  between 
the  ages  of  18  and  23  are  now  en¬ 
rolled 


.Mutli(‘iiiati«‘ul  .M<‘tlio<is  ill 
Engineering 

By  Theoikire  V.  Karman  and  Mai  uu  k 
.4.  Biot.  19UO.  Mcdraw-llill  Poid:  ('«. 
505  pages.  Price,  $U.<>'*. 

Matlieiiiuties  .\|)plie(l  to 
Eleelrieal  Engineering 

By  .4.  G.  Warren  and  .4le.\ \.n!>i;u 
Russell.  /).  Van  Nostrnnd  Co.  19 ',11. 
33U  pages.  Price,  $U.5<>. 

Obituary  services  can  pr()l)al»ly  be 
read  for  the  “rule  of  thumb"  or  the 
“handbo(tk”  engineer,  for  the  engincei- 
of  to-day.  and  especially  the  researcli 
engineer,  must  have  a  good  grasp  of 
analytical  methods — and  that  means, 
principally,  mathematics.  In  former 
days  a  smattering  of  knowledge  of  the 
differential  and  integral  calculus  was 
considered  adequate  training,  but 
recognition  has  been  given  to  the  net*(l 
for  more  advanced  and  rigorous  solu¬ 
tions  to  problems  in  engineering  and 
physics.  Collegiate  courses  in  ad¬ 
vanced  mathematics  have  been  organ¬ 
ized  and  texts  have  been  prepared  foi 
such  courses.  Two  such  texts  are  listed 
above. 

Both  books  cover  essentially  the 
same  geneial  type  of  material,  al¬ 
though  theie  is  little  duplication  and 
the  styles  of  the  two  are  quite  differ¬ 
ent.  Although  both  texts  presuppose  a 
familiarity  with  the  differential  ami 
integral  calculus,  these  subjects  un¬ 
treated  to  some  extent.  The  scope  of 
the  texts  may  be  better  indicated  by 
recalling  that  both  deal  with  ordinary 
and  partial  differential  eijuations. 
Bessel  functions,  Fourier  scries,  com¬ 
plex  variable,  and  operatit  nal  methods 
based  on  the  work  of  Heaviside.  Num¬ 
erous  exami)les  of  the  application  of 
mathematical  analytical  methods  to 
engineering  and  physics  are  given,  and 
examples  in  mechanics,  dynamics, 
acoustics  and  electrical  engineering 
are  included. 

Both  texts  are  direct  and  lucid,  al¬ 
though  of  course  the  student  of  such 
works  will  not  expect  to  find  sugar 
coating  liberally  applied.  The  work  of 
Karman  and  Biot  is  perhaps  the  more 
general  of  the  tw'o;  at  least  the  illus¬ 
trative  examples  are  drawn  from  a 
wider  range  of  subjects.  On  the  other 
hand  the  Warren-Russell  book  devel¬ 
ops  more  completely  those  branches  of 
mathematics  which  haNe  been  found 
especially  u.seful  in  electrical  engineer¬ 
ing,  and  the  illustrative  problems  are 
drawn  primarily  from  this  field.  Both 
are  well  done,  and  can  be  recommended 
to  the  research  engineer,  the  graduate 
student  or  mature  undergraduate. — b.d. 

(Continued  on  page  90) 
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TUBES  AT  WORK 


Tronsformen 

tl0\^~700V\ - 

300  WaHT\  Relay 

,  r  ' 


Value  of  resistors 
and  concfensen 
taken  off  curve 
far  desired  frex^uen\ 


This  month,  the  tube  applications 
include  a  new  circuit  for  testing  relays, 
an  electronic  telemetering  system  which 
operates  on  direct  current,  ami  a  new 
technique  of  making  X-ray  exposures 


no,  ACM- 


shown  in  the  curve.  If  now  we  plot  the 
component  of  the  output  signal  of  the 
filter  which  is  180^  out  of  phase  with 
the  plate  sijrnal  merely  by  multiplyinn' 
the  cosine  of  the  phase  anfrle  by  the 
output  (with  a  constant  input)  we  ob¬ 
tain  the  solid  line  shown  in  the  curve. 

This  solid  line  reaches  a  maximum 
value  at  a  phase  rotation  between  120 
and  140°  and  at  the  frequency  at  which 
it  reaches  its  maximum,  the  oscillator 
will  oscillate.  It  will  be  noticed  that 
the  loss  in  the  filter  is  such  that  a 
hifrh  grain  amplifier  tube  is  necessary 
in  order  to  produce  sustained  oscilla¬ 
tions,  since  the  amplification  in  the 
tube  has  to  exceed  the  loss  in  the  filter. 
It  is  for  that  reason  that  a  pentode 
with  a  higrh  voltajre  amplification  such 
as  the  6SJ7  was  used.  With  an  oscil¬ 
lating  circuit  of  this  type  little  diffi¬ 
culty  was  experienced  in  producing 
oscillations  as  low  as  one  cycle  per 
minute.  The  four  section  filter  was 
chosen  for  the  sake  of  convenience, 
although  a  resistance-conden.ser  net- 
w'ork  containing  more  sections  might 
serve  the  purpose  better. 

The  reactive  component  of  the  oscil¬ 
lating  tube  load  impedance  and  the  re¬ 
actance  of  the  coupling  condenser  into 
the  filter  network  have  been  negel(*cted. 
This  was  done  because  at  the  low  fre- 


Aii  Electronic  Relay  Tester 

By  S.  Bagno 

Kunniin  Electric  Company 

In  the  mechanical  life  testing  of 
a-c  relays,  the  problem  arose  of  pro¬ 
viding  a  life  tester  whose  life  exceeded 
the  life  of  the  relay.  Formerly  when 
the  relay  art  v  as  such  that  several 
hundred  thousand  operations  were  con¬ 
sidered  satisfactory  for  most  uses,  an 
ordinary  mechanical  contactor  driven 
by  a  motor  served  the  purpose  satis¬ 
factorily.  But  with  the  introduction  of 
new  contact  alloys,  new  spring  alloys 
and  more  stable  insulating  materials 
the  life  of  competitive  relays  of  mod¬ 
ern  design  has  increased  enormously 
and  the  problem  of  a  satisfactory  in- 
terruptor  circuit  that  did  not  require 
continual  servicing  during  prolonged 
tests  and  still  provided  enough  power 
for  a  bank  of  relays  became  serious. 

In  order  to  meet  this  problem  a  new 
type  of  electronic  test  circuit  was  de¬ 
veloped.  The  test  unit,  instead  of  hav¬ 
ing  a  life  limit  in  the  millions  of  cycles, 
was  found  to  have  a  useful  life  without 
servicing  exceeding  many  thousand 
hours.  The  limitations  normally  im¬ 
posed  on  a  test  device  of  this  type  such 
as  the  speed  of  interruptions,  the  chat¬ 
ter  of  the  interrupter  contact  and  the 
electrical  noises  that  it  set  up  in  the 
a-c  line  were  completely  eliminated. 

Figure  1  is  a  circuit  diagram  of  the 
life  tester.  The  6SJ7  tube  oscillates 
at  the  frequency  at  w’hich  it  was  de¬ 
sired  to  operate  the  test  set.  This  os¬ 
cillating  frequency  is  determined  by 
the  resistance-condenser  tank  circuit 
which  serves  as  a  modified  long  line  or 
phase  rotator.  Each  resistance-con¬ 
denser  section  of  the  tank  produces  a 
phase  rotation  of  somewhat  less  than 
45°  and  therefore  the  four  sections  in¬ 
cluded  in  the  tank  rotate  the  phase  at 
the  particular  frequency  of  oscillation 
somewhat  less  than  180°.  The  impulse 
coming  from  the  plate  and  rotated  in 
phase  by  the  filter  is  fed  to  the  grid 
of  the  same  6SJ7  thereby  producing 
the  condition  necessary  for  oscillation. 

If  we  plot  the  frequency  against 
phase  rotation,  we  obtain  the  curve 
shown  as  a  dotted  line  in  Fig.  2.  It 
will  be  seen  that  the  higher  the  fre¬ 
quency,  the  greater  the  phase  rotation, 
becoming  asymtotic  at  a  phase  rota¬ 
tion  of  360°  at  infinite  frequency,  and 
starting  with  zero  phase  rotation  at 
zero  frequency.  On  the  other  hand, 
plotting  the  loss  in  the  filter  against 
frequency,  we  obtain  the  broken  line 


Fig.  1 — Circuit  diagram  oi  the  relay 
tester 
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Cathode  •» — 


Relativ*  Fr»qu«nCY<Uni^y  is  Frtqucncy  crt  whithXc'B 


Fig.  2 — Phase,  Irequency  and  out 
put  relationships 


quencics  generated  by  this  oscillaler, 
the  resistance  within  the  tube  can  be 
completely  neglected  and  the  coupling 
condenser  to  the  filter  can  be  made 
large  enough  to  produce  a  negligible 
effect  on  the  phase  rotation  and  ampli¬ 
tude  of  the  filter  output.  This  is  es¬ 
pecially  true  since  the  fre<iuency  at 
which  the  oscillator  oscillates  can  vary 
from  its  natural  frecjuency  without 
( cimtiinied  ini  /Kij/e  !,7 ) 


MIINIATLRE  F-M  NETWORK 


Lee  Chesnut,  engineer  in  the  G.  E.  Philadelphia  oiiice,  has  built 
two  low-power  i-m  and  two  a-m  transmitters  for  demonstrations. 
The  transmitting  circuits  are  housed  inside  record  players  which 
deliver  recorded  programs.  Typical  i-m  and  a-m  receivers  are 
used  to  demonstrate  the  improved  relative  noise-reduction  and 
interference-reduction  properties  of  the  f-m  system 
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Fit'injr  far  rt-moved  from  the  i)eak  of 
the  curve  (Fij;.  2).  The  iiiterestinjr 
side  lijrht  on  this  type  of  oscillator  is 
the  fact  that  its  urid  is  always  fed 
through  a  resistance-condenser  low- 
l)ass  filter  which  tends  to  eliminate  its 
harmonics,  in  fact,  in  a  four  section 
network  the  second  harmonic  is  at¬ 
tenuated  10  dh  below  the  fundamental. 

The  tiscillatinp:  sijrnal  produced  hy 
the  flS.IT  was  in  turn  fed  to  a  ONO 
output  tube  with  a  i)eak  plate  current 
at  zero  bias  in  the  oj-der  of  80  milli- 
amperes.  This  plate  current  was  used 
to  satuiate  the  cores  of  two  step-up 
transformers,  the  primaries  of  which 
were  connected  in  series  with  the 
110  volts  a-c  line  and  the  relay 
test  panel.  The  secondaries,  in  the 
l)late  circuit  of  the  ONO,  are  so  con¬ 
nected  that  whatever  voltajres  were  in¬ 
duced  due  to  the  volta^re  across  the  pri¬ 
mary  were  made  to  cancel  each  other. 
The  use  of  these  saturated  chokes 
to  “key"  the  a-c  line  proved  very  satis¬ 
factory.  Fifteen  watts  i»f  d-c  dis¬ 
sipated  in  a  properly  desi^rned  choke 
system  of  this  type  can  key  well  over 
a  kilowatt  of  alternatinjr  current. 


\  Koll«»w-l’p 

Thk  akk  inukhtki*  to  the  Kster- 

line-.Anerus  C’o.,  of  lndianaj)olis  for 
information  on  their  telemeterinjr  sys¬ 
tem  which  employs  vacuum  tubes  to 
balance  a  follow-up  telemeterinjr  sys¬ 
tem.  The  circuit  diairram.  shown  in 


MILLIONTH-SECOM) 

RADHMiRAPHS 


100,000  Fastenings  A  Day 

NO  PLACE  FOR  "DOUBTFUL"  SCREWS! 


That's  Why  PHILCO  RADIO  Specifies 
Parker-Kalon  Self-tapping  Screws 

A  ina\  mak«‘  only  lO(K).  instead  of  100.000  fasteninjis  a  dav.  hut 

X  %on‘ll  heneiit,  loo.  hy  avoiilinj: ‘Mouhtfid'’ .screws  ...  screw s  that 
are  dinieidt  t«*  start,  that  striji.  break  or  that  wtm't  draw  iij»  ti*:ht.  It 
tak«’s  onl\  a  few  tnndde-niakers  in  any  lot  to  more  than  offset  any 
saviiiirs  in  first  cost. 

When  >ou  <leinand  I’arker-Kaloii  Self-ta[»[»in<i  Screws,  von'll  oet  no 
"dmddfid”  .serew.s.  Parker-Kahm's  rijjid  (^iualitv-Control  insures  that 
every  .screw  will  work  rijilit  ami  hold  tijiht. 

Order  Parker-Kalon  and  ytni  jiet  the  hest .  ,  .  products  of  the  <»ri"- 
inators  of  the  Self-ta|n»inji  S<-rew  .  .  .  nianufaetured  with  speeiallv-de- 
veloped  equipment  and  <:uaranteed  hy  Parker-Kalon’s  Qualitv-Control 
l.ahoratorv.  Parker-Kahui  (a*rp..  192-194  Variek  Street.  New  York. 


TYPES,  SIZES,  HEAD-STYLES  FOR  EVERY 
ASSEMBLY  OF  MHAL  OR  PLASTICS 


Dr.  Charles  M.  Slack  (left)  and  L.  F.  Ehrke. 
of  the  Westinghouse  Research  Laborator¬ 
ies  at  Bloomfield,  with  their  equipment  for 
taking  X-ray  exposures  limited  to  a  lew 
microseconds.  As  described  on  page  56 
of  this  issue,  a  cold-cathode  X-roy  tube, 
lower  center,  directs  radiation  through  the 
block  of  wood  to  the  photographic  plate 
beyond.  Charge  stored  in  a  condenser 
bank  is  released  through  the  tube  when 
the  bullet  hits  the  block 


PARKER-KALON 

►  HARDENED 
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for  the  life 
of  the  Equipment 


Nothing  takes  the  place  of  Kester  Rosin-Core  Solder  in  making 
permanent  electrical  connections. 

This  famous  solder  is  scientifically  developed  in  Kester  Labora¬ 
tories  for  this  specific  service.  The  especially  prepared  rosin- 
flux  eliminates  corrosion  and  gives  extra  protection  against  fire 
hazard. 

Kester  Rosin-Core  Solder  is  specified  for  all  types  of  electrical 
and  radio  work  because  it  adds  security  and  permanence  to  every 
installation.  When  circuits  are  soldered  with  Kester  they  require 
no  further  attention  for  the  life  of  the  equipment. 

You  are  cordially  invited  to  make  use  of  Kester’s  43  years  of 
soldering  experience.  Write  Kester  engineers  for  expert  advice 
on  any  soldering  problems. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue  Chicago,  Illinois 

Eastern  Plant:  Newark,  N.  J. 

Canadian  Plant:  Brantfard,  Ont. 


KESTER 

CORED  SOLDERS 

STANDARD  FOR  INDUSTRY 


Ki>r.  1,  illustrati's  tht*  jreiKTal  pi  inciplo 
of  the  systoni.  The  purpose  of  the 
equipment  is  to  transfer  the  indica¬ 
tions  of  a  primary  measurinjr  element, 
which  may  he  any  type  of  meter  em¬ 
ploying;  a  pointer,  to  a  distant  point 
and  to  reproduce  the  indications  «)f 
this  primary  measuriiif;  element  on  an¬ 
other  meter  located  at  the  distant 
point.  To  perform  the  transfer  opera¬ 
tion  an  auxiliary  movinf;  coil  meter 
is  used  at  the  transmitting;  end  of  the 
system.  This  meter,  called  the  trans¬ 
lating  milliammeter,  contains  a 
pointer,  marked  C  in  the  dia>;ram, 
which  rests  between  two  other  contacts 
L  and  H  on  the  pointer  of  the  primary 


Fig.  1  Simplified  schematic  of  the 
electronic  telemeter  system 


measurint;  element.  .  .As  the  primary 
measuring  instrument  moves  upward 
or  downward  on  the  scale,  it  encoun¬ 
ters  the  pointer  of  the  translatint; 
meter  and  the  contact  is  made  either 
on  the  high  or  on  the  lo*v  side,  de¬ 
pending  upon  whether  tne  primary 
pointer  is  moving  down  scale  or  up 
scale.  The  contact  between  the  two 
sets  of  pointers  is  connected  ii«  the 
t;rid  circuit  of  a  control  tube  in  such 
a  way  that  ne);ative  voltat;e  is  ap¬ 
plied  to  the  prid  of  the  tube  if  the 
contact  occurs  between  the  pointer 
elements  C  and  H,  whereas  the  grid 
is  returned  to  cathode  potential  if  the 
contact  is  between  the  pointer  ele¬ 
ment  C  and  L.  The  coil  of  the  trans¬ 
lating:  milliammeter  is  connected  in  the 
anode  circuit  of  the  control  tube  and 
hence  the  translating  milliammeter 
pointer  moves  in  response  to  the  vari¬ 
ation  of  the  plate  current  of  the  con¬ 
trol  tube.  Thus,  when  contact  is  made 
between  the  pointer  elements  (’  and  L 
the  plate  current  increases  and  the 
contact  C  tends  to  move  away  from 
the  contact  L.  On  the  other  hand,  the 
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THE  WORLD'S  LARGEST  MANUFACTURER  OF  CAPACITORS... 
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but  what  a  differences  ^ 
^  in  performance! 


Bird  dogs  or  capacitors  • .  • 

TOOKING  at  them,  it's  hard  to  distinguish  a 
green  dog  from  a  veteran  game-getter.  But  on 
range  bird  hunting-what  a  difference  in  perform¬ 
ance!  Then  there  is  no  mistaking  an  old  bird  dog.  He 
is  eager,  fast . . .  knows  a  bird  scent,  how  to  untangle 
a  trail,  how  to  point.  That  takes  experience. 

This  moral  is  pointed  because  capacitors,  too,  look 
alike.  It  is  the  hidden  ingredients  that  makes  the 
difference.  That's  why  you  get  a  finer  performing, 
longer  lasting,  more  dependable  capacitor  when  you 
specify  Cornell-Dubilier.  C-D  engineers  are  capaci¬ 
tor  specialists,  with  the  backing  of  the  broadest 
experience  in  the  industry  — over  thirty  years.  The 
superiority  of  today's  Cornell-Dubilier  capacitors 
is  nobody's  mere  say-so,  but  proven  performance, 
time-tested  and  most  significant— acknowledged  by 
the  fact  that  there  are  more  C  Ds  in  use  today  than 
any  other  make. 

*C-D  ETCHED  FOIL— NOT  FABRICATED  PLATE 

I  coinell-duiilieI^ 

F  ELECTRIC  CORPORATION  I 

lift  lAMIlTli  ■IIIEVAII 

St.  PIAIMFIELI,  MEW  JEISET 


PHOTOGRAPH  COURTESY  HUNTING  AND  FISHING  MAGAZINE 

\  Only  Comell-Dabilier 
^  Electroljrtics  offer 
.  all  these  REAL 
.  features 


Type  BR 


These  Feattires: 

•  Special  high-voltage  paper  separator 

•  C-D  etched  plate 

•  Special  C-D  electrolyte 

•  Special  high  formation  process 

Result  in: 

•  Minimum  copacity  chonge  over  wide  temperature 
range. 

•  Great  reduction  in  physical  size — up  to  40%  for  some 
types. 

•  Increased  useful  life. 

•  Reduced  direct  current  leakage. 

•  Reduced  equivalent  series  resistance. 

•  Higher  breakdown  voltoge. 

•  Improved  audio  and  radio  frequency  impedance 
characteristics. 

The  Type  BR  etched  foil  electrolytics  are  available  in 
both  single  and  dual  capacity  combinations.  For  complete 
technical  information,  send  for  engineering  bulletin. 

Remembei!  All  C-D  capacitors  are  union  made 
and  competitively  priced. 
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WESTINGHOUSE  RADIO  TRANSMITTING  TUBES 
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COOiSO 

TUBES 


FOR  50  KW 
TRANSMITTERS 
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iiiittin<!  I  lilies,  just  eall 
in-house  Kleelrie  i.'i.  Mf*:. 
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contact  is  made  itetween  ('  ami  //,  tlu* 
plate  current  reduces  and  the  contact 
C  tends  to  move  away  from  the  con¬ 
tact  //.  In  this  way  the  contact  (’  is 
maintained  at  an  averajre  position  mid¬ 
way  between  the  two  contacts  L  and 
//.  A  condenser  ('  is  used  in  the  jrrid 
circuit  to  insure  a  comparatively  slow 
chanjre  in  jrrid  voltajre  s*)  that  the 
motion  of  the  contact  is  slow  enoujrh 
to  assume  a  balanced  position  without 
huntinjr. 

The  plate  current  of  the  vacuum 
tube,  havinjr  passed  throujrh  the  trans- 
mittin>r  milliammeter,  is  i)assed 
through  the  connecting  line  between 
the  transmitter  and  the  receiving  end 
of  the  telemeterinjr  system.  The  re- 
ceivei’  consists  simply  of  a  direct  cur¬ 
rent  instrument  whose  scale  is  marked 
in  the  same  units  as  the  primary 
measuriipr  element.  A  recordinjr  in- 
stiument  may  also  he  used,  as  shown 
in  Fijr.  1.  Thus  the  receivinj;  instru¬ 
ment  reproduces  exactly  the  indica¬ 
tions  of  the  transmittintr  milliammeter, 
and  this  latter  instrument  in  turn  is 
constrained  to  occupy  a  jmsition  cor- 
respondinjr  with  the  pointer  of  the 
primary  measurin^r  element.  The  in¬ 
dications  of  the  i)rimary  element  are 
thereby  transferred  directly  to  the 
receivinjr  end  of  the  line. 


Fig.  2 — Complete  circuit  diegram  of 
telemeter  transmitter 


The  complete  circuit  diagram  of  the 
transmitter  is  shown  in  Fijr.  2.  Two 
type  45  tubes  are  used  in  parallel  with 
a  maximum  plate  current  drain  of  20 
ma  per  tube  at  a  plate  voltage  of  275 
volts,  which  is  supplied  by  the  5Z3  rec- 
'  tifier.  The  maximum  grid  voltage  is 
approximately  100  volts.  The  line 
I  used  between  the  transmitter  and  the 
'  receiver  must  necessarily  be  a  con¬ 
tinuous  metallic  circuit.  The  voltape 
and  current  rating  of  the  instrument 
I  are  considerably  below  the  maximum 
rating  imposed  by  the  telephone  com¬ 
panies  for  such  lines.  In  the  telephone 
!  line  open  circuits,  two  protective  neon 
1  glow  tubes  take  up  the  load  and  pro- 
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Offic  ial  I  -S.  Am\y  Thoto^rarli'' 


/O  DAY’S  ARMY  HAS 
^AN  ELECTRONIC  SIGNAL  CORPS 

Lightning  War  waits  for  no  brave  and  picturesque  armed  forces,  has  no  peer  in  the  development  and 
dispatch  rider.  use  of  wired  and  radio  communication.  We  believe 

With  the  World  combatting  or  preparing  for  ar-  that  this  is  a  logical  condition  in  the  nation  that 

mies  that  strike  and  even  conquer  overnight,  the  enjoys  the  finest  commercial  communication  oper- 

acquisition  and  use  of  adequate  and  effective  elec-  ating  and  manufacturing  facilities  in  the  World, 

trical  communication  is  an  essential  element  in  our  The  electronic  industry,  which  has  been  the  able 

preparedness  program.  and  willing  partner  of  the  Signal  Corps  in  pioneer- 

Telephone,  telegraph,  radio  and  facsimile — these  ing  and  developing  military  communication  sys- 

are  the  swift  couriers  of  World  War  II.  And  they  terns,  is  already  prepared  to  fulfill  its  part  in  the 

are  consequently  the  lifeline  of  national  security  National  Defense  Program.  The  industry  is  proud 

for  the  United  States.  Through  them  local,  national  of  the  operating  and  manufacturing  facilities  it 

and  hemispheric  defense  will  be  coordinated  and  can  make  available  to  the  Government  during  its 

directed.  program  for  adequate  national  security. 

The  United  States  Army,  along  with  our  other 

An  Institutional  Message  from  ELECTRONICS,  the  Authoritative  Voice  of  the  Electronic  and  Allied  Industries 
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RELAYS 


tect  the  tubes  and  meters  from  exces¬ 
sive  voltajre.  This  arrangement  pro¬ 
tects  the  transmitting  equipment 
should  the  voltaic  across  the  line  rise 
above  120  volts,  as  in  the  event  of  an 
open  circuit.  The  tubes  also  bypass 
lijrhtninp:  surges. 


The  Ward  Leonard  Line  of 
Relays  comprises  light,  inter¬ 
mediate  and  heavy  duty,  sensi¬ 
tive,  transfer  and  time  delay 
types  for  every  application. 
They  all  have  crisp  action,  are 
dependable  and  durable  yet 
consume  but  little  current.  Vari¬ 
ous  Ward  Leonard  Relays  are  de¬ 
scribed  in  "W.L.  Relay  Bulletins." 


RESISTORS 


More  than  10,000  Electrical  and 
Industrial  Engineers  are  using 
Ward  Leonard  Data  Sheets  as 
Resistor  reference  guides.  Ward 
Leonard  Resistors  cover  a  wide 
range  of  sizes,  ratings,  enclosures 
and  terminals.  You  will  most 
likely  find  your  "special”  is  a 
Ward  Leonard  "standard."  Send 
for  "W.L.  Resistor  Bulletins." 


Fig.  3 — Original  graphic  meter  rec¬ 
ord  (above)  and  telemeter  reproduc¬ 
tion 

The  speed  of  response  of  the  tele¬ 
metering  system  is  limited  by  the 
values  of  resistance  and  capacitance 
in  the  prid  circuit  of  the  control  tube. 
The  minimum  time  which  can  be  built 
into  the  instrument  without  incurrintr 
hunting  is  about  2  seconds  for  a  com¬ 
plete  traversal  of  the  scale  from  maxi¬ 
mum  to  minimum.  By  increasintr  the 
values  of  resistance,  a  traversal  time 


RHEOSTATS 


Ward  Leonard  Line  of  Rheo¬ 
stats  includes  everything  from 
small  types  for  fractional  H.P. 
motors  to  the  largest  multiple 
units  to  control  heavy  current 
requirements.  Ward  Leonard 
Rheostat  Bulletins  fully  describe 
types,  drives,  mountings  and 
accessories.  The  Ward  Leonard 
Line  is  complete.  Send  for 
"W.L.  Rheostat  Bulletins." 


TESTING  THE  SOLOVOX 


WARD  LEONARD 

ELECTRIC  ^  COMPANY 

Electric  Control  Devices  Since  1892 


Ward  Leonard  Electric  Company,  32  South  Street,  Mount  Vernon,  N.  Y. 


Please  send  me  bulletins  on  Relays  (  )  Resistors  (  )  Rheostats  (  ). 

Name  .  . 

Firm  .  . 

Address  .  . 

City  .  State . . 


Laureni  Hammond,  right,  and  John 
Hanert  checking  the  inner  work¬ 
ings  of  the  SoloTOX,  a  three-octave 
electronic  music  generator  for  use 
with  a  piano.  The  pianist  may 
play  the  Solovox  with  one  hand 
while  accompanying  himself  with 
the  other 
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lirrr  i>  tiu*  most  roiii|)lrt<‘. 
il>lr.  ronipart  Stmiiit  (atiitrol 
Sprrrli  Input  K«piipin«‘iit  >ou 
coiiM  ask  f(»r! 

Di'veloprd  h\  HfinVk-plioiu* 

Lal)«>ratories  and  iisod  >vitli 
WOK'S  new  Western  Kleetrie 
Synchronized  FM  Traiifinitter, 
these  Desk  I  nits  ean  he  "eus- 
tonw'quipped”  and  arran<r«‘d  to 
the  exaet  needs  of  your  station 
— whether  FM  or  AM. 

Quality  equipment  in  e>ery 


way  —  these  units  are  huiit  to 
help  YOU  easily  attain  and  main¬ 
tain  overall  system  transmission 
standards  established  hv  F('.C 
for  FM. 

^our  sponsors  will  he  al- 
traeted  hy  their  elean-eut  beauty 
—  your  staff  will  find  them 
easy  to  install,  easy  to  operate, 
easy  to  maintain. 

Get  full  details — ask  Graybar 
for  KuIIetin  T1758. 


Western  Electric 

5S 


I  Desk  Speech  Input 
Equipment  for  YOU! 
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Outo^Mnd 

That’s  the  reward  for  using  INSUROK  electrical  insulation 
—  installed  and  forgotten.  This  precision  plastic  possesses 
qualities  and  characteristics  that  make  it  wholly  dependable. 

LL;.b:liLLCiLL; 

the  Superior  Precision  Plastic 

When  Richardson  set  about  to  produce  a  plastic  for  the  elec¬ 
trical  industry,  only  one  result  was  sought — the  product  must 
be  the  best  that  could  be  produced.  How  well  INSUROK 
met  this  requirement  is  proved  by  its  increasingly  widespread 
use  where  difficult  operating  conditions  are  encountered,  by 
its  ability  to  deliver  the  utmost  satisfaction,  out  of  sight,  and 
out  of  mind. 

RICHARDSON  TECHNICAL  SERVICE.  Many  users  of 
INSUROK  find  Richardson  Technical  Service  indispensable. 
You  are  invited  to  avail  yourself  of  these  comprehensive 
facilities  —  without  obligation,  of  course. 


Vfie  RICHARDSON  COMPANY 

MELROSE  PARK  CHICAGO  ILL  FOUNDED  1858  LOCKLAND.  CINCINNATI  OHIO 
NEW  BRUNSWICK  N  J  INDIANAPOLIS.  IND 

DETROIT  OFFICE  4-252  G  M  BUILDING  PHONE  MADISON  9386 
NEW  YORK  OFFICE  75  WEST  STREET.  PHONE  WHITEHALL  4-4487 


of  as  lonn'  as  10  seconds  is  entirely 
practical.  Ordinarily  the  jrrid  con¬ 
denser  is  2  microfarads  and  the  >rii<i 
I  resistors  are  oOO.OOO  ohms,  making  an 
'  effective  time  constant  of  one  second. 

The  urid  condenser  is  an  oil  filled  unit  ' 
^  of  1,000  volts  ratin^r. 

Since  the  telemeterin>r  system  o|)er- 
I  ates  on  a  balanced  principle,  it  is  inde- 
i  pendent  of  the  characteristics  of  the 
’  tubes,  and  also  of  the  characteristics  of 
the  telephone  line  employed,  provided 
that  the  line  does  not  introduce  exces¬ 
sive  leakajre  of  the  current  passed 
from  the  transmitter  to  the  receiver. 
.Since  the  system  works  on  direct  cur¬ 
rent,  there  is  no  problem  of  synchron¬ 
ism  between  the  transmittinjr  and 
receivinjr  ends  of  the  line.  Fijr. 
shows  a  section  of  a  jrraphic  record  of 
a  wattmeter  taken  at  the  transmittiiur 
and  receiving:  ends  of  a  typical  tele- 
meterinjr  system  of  this  type,  with  the 
chart  speed  at  .‘5  inches  per  minute. 
The  system  will  work  with  lines  hav- 
injf  a  series  resistance  not  exceeding'’ 
2,rj0()  ohms,  which  correspond  to  a  dis¬ 
tance  of  about  2H  miles  w’hen  No.  11' 
jrajre  wire  is  used  in  the  circuit.  With 
No.  12  jrajre  wire  a  distance  limited  to 
134  miles  is  possible.  The  insulation 
resistance  of  the  line  should  prefer¬ 
ably  be  100  times  as  >rreat  as  the  series 
resistance  of  the  circuit,  that  is,  the 
minimum  leakajre  resistance  should  be 
250,000  ohms.  For  this  reason  cable 
circuits  are  to  be  preferred  to  *)pen 
wire  circuits  for  the  operatio!i  of  this 
device.  The  device  operates  at  an 
average  power  requirement  of  *>5 
I  watts,  maximum  100  watts,  at  115 
volts.  The  transmitter  operates 
throujrhout  the  raujre  from  1(15  to  125 
volts. 

Al  TOM ATK:  E ATH  EK 

REPORTER 


A  radio-operated  weather-reporting 
device  has  been  developed  lor  the 
Navy  by  W.  S.  Hinman  and  Harry 
Diamond  of  the  Bureau  of  Stand¬ 
ard!.  The  apparatus  now  in  opera¬ 
tion  at  the  Anacostia  Naval  Air 
Station  will  deliver  information  on 
barometric  pressure,  air  tempera¬ 
ture.  relative  humidity,  wind  direc¬ 
tion  and  velocity  and  rainfall,  at 
predetermined  intervals 


2>a  l/fou  Ileca(f4u^  ^kem? 

A  famous  engineer  regularly  tears  down  and  checks  every  model  produced  by  his  competitors. 
Chatting  with  another  engineer,  he  expressed  amazement  that  he  recognized  in  AlSiMag 
advertisements  the  insulators  used  in  almost  every  leading  product  in  his  field. 

We  believe  that  there  are  limitless  designs  and  shapes  for  insulators  .  .  .  but  that  AlSiMag  offers 
you  the  BEST  in  "bodies”  and  workmanship.  We  are  glad  that  so  many  great  engineers  agree 
with  us  .  .  .  and  that  we  can  produce  more  than  15,000  different  designs  a  year,  promptly, 
accurately,  economically. 


AMERICAN  LAVA  CORPORATION  •  CHATTANOOGA  •  TENNESSEE 

CHICAGO  •  CLEVELAND  •  NEW  YORK  •  ST  LOUIS  •  LOS  ANGELES  •  SAN  FRANCISCO  •  BOSTON  •  PHILADELPHIA  •  WASHINGTON,  D  C 
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WHEN  YOU  DESIGN 
RADIO,  TELEVISION 
AND  ELECTRONIC 
EQUIPMENT  _ 


By  using  S.  S.  White  Flexible  Shaft¬ 
ing  for  coupling  control  knobs  to 
their  respective  condensers,  variable 
resistances,  inductances,  transformers, 
switches  etc.  you  are  free  to  locate 
both  knobs  and  units  wherever  you 
want  to  place  them  to  get  these 
advantages: 

Circuit  Efficiency 
Centralized  Control 
Space  Saving 
Ready  Assembly 
Easy  Servicing 

Specially  developed  for  remote  con¬ 
trol,  S.  S,  White  Flexible  Shafting 
has  the  necessary  characteristics  for 
smooth,  easy  sensitive  adjustments. 


Section  of  the  interior  of  an  RCA 
Broadcast  Transmitter.  Note  the  effective 
arrangement  of  units  and  centralizing  of 
controls  made  possible  by  the  use  of 
S.  S.  White  Flexible  Coupling  Shafts. 


ENGINEERING  BULLETIN  38 

tells  the  story.  Write  for  your  free 
copy  today. 


S.  S.  WHITE 

The  S.  S.  White  Dental  Mfg.  Co. 

INDUSTRIAL  DIVISION 

Department  E,  10  East  40th  St.,  New  York,  N.  Y. 


FLEXIBLE  SHAFTS  for  POWER  DRIVES,  REMOTE  CONTROL  and  COUPLING 


Bell  Lab8  Reveal 
New  Developments  at 
Physical  Society 

.\T  THE  JUNE  MEETING  of  the  American 
Physical  Society  in  Pittsburgh,  en>ri- 
neers  of  the  Bell  Telephone  Labora¬ 
tories  revealed  several  interesting  new 
devices  and  materials  of  interest  in  the 
electronics  field.  W.  B.  Ellwood  de¬ 
scribes  a  new  ultra-micronaeter.  This 
instrument  is  used  for  meaBurinpr  the 
thickness  of  non-mapmetic  coatings  on 
sheet  iron.  The  accuracy  of  measure¬ 
ment  is  less  than  one  one-hundredth 
thousandth  of  an  inch,  and  the  meas¬ 
urement  is  made  without  injuring  the 
coating.  Two  iron  rods  are  used,  one 
pressed  against  either  side  of  the 
coated  iron  sheet.  Each  rod  is  wound 
w’ith  two  coils  of  wire.  The  rods  are 
magnetized  equally  by  passing  alter¬ 
nating  current  through  one  of  the 
coils  which  induces  currents  in  the 
other  two  coils.  The  amount  of  the 
induced  current  depends  on  the  thick¬ 
ness  of  the  coating  on  the  sheet.  Any 
non-magnetic  coating,  either  metallic 
or  non-metallic,  may  be  measured. 

C.  B.  Green  and  G.  L.  Pearson  de¬ 
scribed  a  resistor  which  has  an  inverse 
temperature  coefficient,  that  is,  the  re¬ 
sistance  decreases  as  the  current  flow 
through  it  increases.  This  substance 
is  employed  in  connection  with  a  volt¬ 
age  regulator  by  using  an  ordinary  re¬ 
sistor  and  a  thermistor,  as  the  new  re¬ 
sistor  is  called,  in  series.  The  voltage 
across  the  combination  may  thereby 
be  stabilized  over  a  wide  range. 

A  new  alloy  composed  of  cobalt, 
vanadium  and  iron,  and  known  as 
Vicalloy  was  described  by  E.  A.  Nes¬ 
bitt  and  G.  A.  Kelsall.  The  material 
has  a  very  high  degree  of  retentivity 
for  permanent  magnetism  and  at  the 
same  time  has  very  desirable  physical 
properties.  The  alloy  may  be  rolled 
into  tape  1/500  inch  thick  and  1/20 
inch  wide,  and  is  especially  suitable 
for  use  in  sound  magnetic  tape  sound¬ 
recording  machines.  Several  thou¬ 
sand  feet  of  this  material  are  used  in 
the  Bell  Laboratories  demonstration  at 
the  New  York  World’s  Fair.  Endless 
loops  of  the  same  tape  are  used  in  the 
Bell  Telephone  weather-announcing 
systems.  Vicalloy  contains  6  .o  16  per 
cent  vanadium,  30  to  52  per  cent  iron, 
36  to  62  per  cent  cobalt,  and  is  cast 
into  an  ingot  from  the  molten  state. 
The  metal  may  then  be  drawn  or  rolled 
into  tape,  and  is  finally  heat-treated. 


Cold  Emission  Used 
In  Microsecond  Radiography 

A  COLD  CATHODE  X-RAY  TUBE  which  Can 
make  useful  exposures  in  a  time  as 
short  as  one  millionth  of  a  second  has 
been  developed  by  Dr.  Charles  M. 
Slack  of  the  Westinghouse  Lamp  Divi¬ 
sion,  who  described  it  before  the 
American  Physical  Society  in  the  June 
meeting.  The  circuit  arrangement  of 
the  X-ray  used  is  shown  in  the  accom¬ 
panying  diagram.  The  tube  itself  con- 
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Presto  63-.i  dual  speed  16"  trati- 
scription  table  with  pickup  luouutiug 
bracket.  Base  plate  is  drilled  to  mount 
selector  switch  and  scratch  filter. 


I  'nique  Presto  drive  system.  Step 
pulley  on  motor  shaft  drives  against 
rubber  tire  on  turntable  rim.  Lever 
chanties  speed  instantly  from  78  to 
U's  KP\[. 


JOIN  THE  SCORES  OF  RADIO  STATIONS 


Canadian  DUtribntor :  WALTER  P.  DOWNS,  2313  St.  Catherine  St.  W.,  Montreal,  P.Q. 


that  are  removing  the  playback  pickups  from 
their  old  transcription  tables  and  remounting 
them  on  the  neiv  Presto  6^- A  table. 


Ciive  new  life  and  realism  to 
voiir  transcribed  broadcasts  this 


Presto  10:4  turntable  chassis  only  for 
mounting  in  existing  cabinets. 


Bullet  hali-way  throuqh.  Note  wood 
closing  behind  bullet 


It’s  a  simple  change  to  make,  be¬ 
cause  the  Presto  table  is  furnished 
with  brackets  to  mount  any  stand¬ 
ard  make  of  vertical  or  lateral  pick¬ 
up  and  the  base  is  drilled  to  mount 
your  compensator  controls  and 
scratch  hlter.  The  entire  change¬ 
over  takes  an  hour  at  the  most  and 
costs  very  little. 


You’ll  marvel  at  the  reproduction 
of  your  transcriptions  played  on  the 
63-A  table.  It’s  the  quietest,  smooth¬ 
est  running  turntable  we’ve  ever 
produced  and  it  runs  for  months 
at  a  time  with  no  service  whatever. 
The  new  Presto  drive  system — a 
heavv,  live  rubber  tire  on  the  turn¬ 
table  rim  driven  by  a  steel  pulley 
on  the  motor  shaft — has  only  2 
moving  parts,  requiring  a  simple 
adjustment  once  or  twice  a  year. 
Speed  accuracy  is  .3%  —  less  than 
3 seconds timeerrorona  1  5  minute 
program.  Vibration  is  negligible. 
Leading  firms  use  and  recommend 
the  63-A  for  playing  both  vertical 
and  lateral  recordings. 


in  so  short  a  time.  Ordinary  X-ray 
tubes,  employing  thermionic  cathodes 
operate  with  currents  considerably  less 
than  one  ampere.  If  a  thermionic 
cathode  were  used  in  this  tube  it 
would  he  destroyed  because  of  the 
extremely  heavy  instantaneous  current. 

In  using  the  etjuipment  Dr.  Slack 
and  his  associates  have  made  pictures 
of  various  swiftly-moving  objects.  In 
the  accomjianying  photographs  are 
shown  radiographs  of  moving  bullets 
shot  from  a  .22  rifle.  The  speed  of 


fall.  Install  Presto  turntables  now. 
Literature  and  prices  on  request. 


Recent  purchasers  include: 

.Associated  Music  Publishers,  Can- 
adian  Marconi  Co.,  Columbia 
broadcasting  System,  Columbia 
Recording  ('orp..  Federal  Tel.  & 
Tel.  Co.,  Northern  Electric  Co., 
Westinghouse  Radio  Stations.  Also 
stations  KICA,  Xt  BNS,  WBRW, 
WHO,  Vi  IMS,  WMEX,  WSYR, 
Vi'TRY  and  Advertising  Agencies 
Fuller  &  Smith  &  Ross,  Inc.,  Lennen 
&  .Mitchell,  Vi'm.  Esty  &  Co.,  Maxon 
Ad\ertising  Agency  and  others. 


.\-rays  which  are  passed  through  th. 
radiographed  object  to  the  recording 
film. 

During  exposure  the  current 
through  the  tube  may  range  from  100 
to  2,000  amperes  over  a  period  of  ap¬ 
proximately  one  microsecond.  This  ex¬ 
tremely  high  current  enables  Dr. 
t^lack  to  expose  the  photographic  film 


Having  turntable  trouble? 


PRESTO 


RECORDING  CORPORATION 

242  West  S5th  Street,  New  York,  N.  Y. 

World’s  Largest  Manufacturers  of  Instantaneous  Sound  Recording  Equipment 


Bullet  lust  emerging  from  block. 
The  nails  hold  control  wire 
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GRID  WIRE  and  FILAMENT  WINDINGS 


Modern  amplifier  design  has  advanced 
to  a  point  where  ordinary  radio  tubes 
have  become  inadequate.  Recently  the  Na¬ 
tional  Union  Radio  Corporation  introduced 
a  new  line  of  custom-built  tubes  developed 
especially  for  sound  system  applications — 
tubes  which  eliminate  or  radically  reduce 
the  triple  threat  of  hum,  microphonics  and 
internal  noise. 

'in  perfecting  their  new  series  of  "Sound 
X'tra"  tubes,  in  which  long  life,  unusual 
ruggedness  and  exact  uniformity  of  elec¬ 
trical  characteristics  are  essential  features. 
Notional  Union  engineers  natiually  looked 
to  Callite  for  grid  wire  and  heater  windings. 

CoUite's  reputation  for  resourcefulness 


an  achievement  of  CALLITE 


vrap,  F.  The  control  tube,  C,  which 
operates  when  the  switch,  li,  is  opened, 
induces  an  extra  voltage  in  the  gap 
circuit  and  causes  the  trap  to  flash 
over,  so  that  the  full  voltaKe  of  the 
condenser  bank  is  applied  between  the 
cathode  and  anode  with  the  X-ray 
tube.  Throup:h  the  resistance,  J,  the 
anode  potential  is  also  applied  to  the 
trifTKer  electrode,  //,  which  draws 
“cold”  emission  from  the  cathode.  The 
emission  is  focu.sed  by  the  tritrKcr  elec¬ 
trode  on  the  anode  where  it  produces 


and  dependability  has,  in  fact,  been  solidly 
established  over  the  years  by  just  such 
achievements  as  this  in  the  field  of  electron 
emission  tubes. 


Its  double  helical  filament  windings  elim¬ 
inate  a  prolific  source  of  hum.  Callite's 
“Calmolloy"  grid  wire  can  be  worked  to 
tolerance  within  1/10.000  of  an  inch,  or  bet¬ 
ter.  These  are  merely  two  of  the  "metallur¬ 
gical  miracles"  credited  to  Callite-Tungsten 
development  in  formed  parts. 

It  may  be  that  Callite's  broad  knowledge 
and  specialized  experience,  applied  to  your 
particular  problem,  can  save  you  both  time 
and  money.  Send  for  informative  literature. 


Diagram  of  power  and  control 
system 


A,  .22  bullet  in  flight:  B,  .22  Swift 
bullet,  exoosur<«  time,  one  micro 
second;  C.  bullet  entering  wood 
block 


sist.s  of  a  cold  cathode,  (!,  a  triKKcr 
element,  H,  and  an  anode,  I.  The 
voltage  doubler  rectifier.  A,  charges  a 
bank  of  condensers  to  approximately 
'.10,000  volts,  which  is  applied  between 
cathode  and  anode  in  series  with  the 
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CALLITE  TUNGSTEN 

CORPORATION 

544-39th  STREET  •  UNION  CITY,  NEW  JERSEY 

.1  Cable;  “CALLITES" 


ONLY  RELAY  USERS 
NEED  TO  READ  THIS 


Write  today  for  Circular  1653Q. 

It  describes  two  amazing  new  Automatic 
Electric  relays  with  qualities  and  features 
possessed  by  no  other  low-priced  relay. 

In  three  months,  thousands  have  been  pur¬ 
chased  in  place  of  "cheap”  relays.  (Cost  is 
the  same.)  Experience  of  users  reveals  these 
benefits : 


1.  Reduced  assembly  costs  (relays  are  preadjusted) 

2.  More  reliable  operation  (contacts  have  heavy 
pressures  —  are  “self-cleaning”)  3.  More  positive 
action  (armature  restored  by  leaf-spring)  4.  No 
over-heating  (coil  is  "self-protecting”). 


Circular  1653Q  explains  these  and  many 
other  advantages,  and  gives  prices;  also  tells 
tihy  you  can  buy  this  higher-quality  relay  at 
»/o  extra  cost.  Write  today. 


Relay  Makers  Since  1898 

1033  W.  Van  Buren  Street 


Chicago 
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The  British  Broadcasting  Company 
maintains  a  constant  watch  on 
foreign  broadcasts.  Above  is 
shown  a  "staff  monitor"  taking 
notes  from  a  two-cylinder  dicta¬ 
phone  which  makes  continuous 
records  of  enemy  propaganda 


WARTIME  CHECKING 


THE  ANSWER 

to  your  resistor  problem  may  be 
found  in  these  characteristics  of 

GLOBAR  BRAND  CERAMIC  RESISTORS 

REO.  u.  s.pAT.  orr. 

le  Non-Inductive  2.  Electrically  stable 
3e  Mechanically  strong 

•  These  three  characteristics  are  important  in  a  great  many 
applications.  Perhaps  they  may  lead  to  a  solution  of  your 
own  resistor  problem.  Our  engineering  department  will 
gladly  help  you  if  you  write  and  outline  your  requirements. 
Bulletin  R  contains  technical  information  on  "Globar”  type 
A,  B  and  CX  ceramic  resistors.  Will  be  sent  free  on  request. 

GLOBAR  DIVISION 

THE  CARBORUNDUM  COMPANY,  NIAGARA  FALLS,  N.  Y. 


Carborundum  and  (vlobar  are  regiateretl 
trade-marke  of  The  Carborundum  Company 


the  exposure  was  determined  by  the 
picture  shown  in  B  which  is  of  a  No. 
.220  Swift  bullet  moving  at  4,000  feet 
per  second.  The  radiograph  show’s  a 
motion  of  approximately  1 '20  of  an 
inch  indicating  an  exposure  of  ap¬ 
proximately  one  microsecond.  The 


Bullet  beyond  block,  with  trail  of 
lead  behind  it 

other  photographs  show’  the  progress 
of  a  standard  .22  rifle  bullet  through  a 
block  of  w’ood.  E'xposuros  w’ere  made 
at  different  times,  with  different  bul¬ 
lets,  but  all  of  the  same  calibre.  The 
radiograph  shown  at  />  shows  an  inter¬ 
esting  effect  in  the  wood  w’hich  has 
tended  to  close  up  behind  the  bullet  as 
a  result  of  elastic  deformation.  The 
other  pictures  show’  an  exploded  block 
of  w’ood  as  the  bullet  emerges  from  it. 
The  nails  carry  a  fine  wire  connected 
in  the  grid  circuit  of  the  control  tube, 
which  initiates  the  exposure  when  the 
circuit  is  broken. 
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CERAM /C  RES/SWRS 


STACK -MOUNTING 

CAPACITORS 


Dial  or  Jeioel 

PILOT  LIGHT  ASSEMBLIES 


DRAKE  MANUFACTURING  CO. 

1713  W.  HUBBARD  ST.  •  CHICAGO.  U.S.A. 


Antenna 


oiled  Current 

Ir«i«  oH  commuf.»c 

derlich  rai 

;«ANClSCO,  CALltO«NIA  J 


WUN 


SOUTH  SAN 


i*rvcisittn  Built 

ON  MODERN  HIGH  SPEED  EQUIPMENT 


FM—  105  Hours 
Per  Week 


(Continued  from  page  19) 


operates  as  follows.  When  the  o.scil-  I 
lator  is  unmodulated,  it  produces  a  | 
single  fre(juency,  which  when  fre¬ 
quency  divided  has  the  value  of  ' 
about  5,300  cps.  The  fre(|uency-  ; 
divided  output  of  the  crystal  oscilla¬ 
tor  has  exactly  the  same  frequency. 
Under  this  condition  there  is  no 
rotating  magnetic  field  in  the  cor¬ 
rection  motor.  Suppose  however 
that  the  freciuency  of  the  modulated 
oscillator  (still  in  the  absence  of 
modulation,  however)  starts  to 
drift.  Then  the  frecpiency  divided 
output  drifts  in  proportion,  while 
the  crystal  output  remains  at  5,300 
cps.  The  frequency  difference  be¬ 
tween  the  two  sources  gives  rise  to 
a  rotating  magnetic  field  in  the 
motor,  which  causes  the  rotor  to 
turn,  changing  the  tank  circuit 
capacitance  until  the  drift  is  cor¬ 
rected.  Whereupon  the  rotating 
magnetic  field  ceases  and  the  motor 
stops,  ready  for  the  next  drift. 

When  modulation  is  applied  to  the 
oscillator,  the  frequency  divided  out¬ 
put  tends  to  shift  back  and  forth  in 
phase  by  a  small  amount  at  the  audio 
frequency  rate.  The  rapidly  revers¬ 
ing  magnetic  field  resulting  from 
these  phase  changes  has  no  rota¬ 
tional  effect  on  the  motor  since  the 
motion  is  damped  out  by  the  me¬ 
chanical  inertia  of  the  motor  rotor 
and  the  attached  capacitors.  Hence 
the  frequency-control  circuit  does 
not  respond  to  modulation,  but  it 
does  respond  to  any  change  in  the 
center  frequency  of  the  transmitter. 
Drifts  in  frequency  of  a  megacycle 
or  more  can  be  corrected  in  this 
manner,  although  drifts  of  more 
than  a  few  hundred  kc  are  rarely 
encountered  in  practice. 

The  frequency  control  system,  it 
will  be  noticed,  is  entirely  divorced 
from  the  signal  circuit  from  micro¬ 
phone  to  antenna,  and  in  fjict  the 
frequency  control  circuit  may  break 
down  altogether  without  putting  the 
station  off  the  air.  Moreover  the 
frequency  control  depends  only  on 
the  frequency  difference  between  the 
two  5,300  cps  sources,  not  on  their 


The  correct  design  and  manufacture  of 
giMid  pilot  light  assemblies  is  a  )ob  for 
experts,  ^'ears  <if  specializing  in  this  field 
have  resulted  in  our  developing  a  highly 
skilled  organization,  precision  methods, 
and  high-speed  equipment  that  produces 
the  finest  possible  units  at  moderate  cost. 
If  one  of  our  many  standard  designs  does 
not  exactly  fit  your  needs,  our  competent 
engineers  will  gladiv  design  a  special  unit 
for  you.  lest  I)RAkT  Service.  ^  ou,  like 
so  many  other  leading  electrical  manufac¬ 
turers.  uill  hnd  It  sincere  and  efficient. 


SEND  FOR  CATALOG  TODAY/ 


Above,  fbe  larg- 
est  size,  cr  Type 
19  4  0  capacitor, 
oirh  the  rrediurn 
size  or  Type  I96C 
at  fight.  Choice 
of  five  s'zes. 


^  Yes.  the  Aerovox  line  includes  these  stack¬ 
mounting  mica  capacitors  for  various  trans¬ 
mitting  applications  such  as  grid,  plate¬ 
blocking,  coupling,  tank,  and  by-pass  func¬ 
tions.  Special  cylindrical  low-loss  glazed 
ceramic  case  for  long  creepage  between  ter¬ 
minals.  Corona  losses  eliminated  inside  and 
out.  Cast-aluminum  terminal  ends  provide 
low-contact-resistance  between  units.  Finest 
grade  India  ruby  mica  dielectric.  Made  to 
closest  tolerances  to  equalize  loading  of 
series-connected  sections. 
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TOP  LOADED  ANTENNA 


^'ou'll  find  this  new  antenna  a  definite 
step  ahead  for  portable  and  mobile  equip¬ 
ment  both  receivers  and  transmitters. 
The  ideal  antenna  for  patrol  applications 
on  the  low  frequencies.  10  watts  trans¬ 
mitter  power  w  ill  give  an  excellent  signal 
over  a  2S  mile  radius.  This  new  Vi'under- 
lich  Controlled  Current  Antenna  w  ill  give 
a  pow  er  gain  of  16  times  (12  db)  over  the 
conventional  base- loaded  fish  pole  type. 
It  is  especially  effective  in  the  1000  to 
6000  kc  spectrum.  Radio  engineers  are 
invited  to  write  for  more  inmrmation... 
there's  no  obligation. 


catalog 


Transmitting  Catalog... 

Full  data  and  literature  covering  this  and 
other  capacitors  for  transmitting  and  other 
heavy-duty  requirements,  sent  on  request 
to  any  designer,  engineer  or  bui'der  of 
radio  or  electronic  equipment,  writing  on 
business  letterhead. 


CORPORATION 

BEDFORD.  MASS 


Pat.  applied  for. 
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Since  the  temperature  coetticient  of 
small  ceramic  capacitors  is  found  to 
he  remarkably  constant,  and  since 
the  oscillator  drift  was  positive  with 
respect  to  voltage  change,  it  was 
decided  to  use  »)ne  of  these  capaci¬ 
tors  having  a  nejfative  temperature 
coefficient  and  place  a  small  resis¬ 
tance  heater  inside  it.  The  heater 
could  be  connected  across  the  heater 
(»f  the  o.scillator  tube  and  the  ca¬ 
pacitor  connected  across  the  tank 
capacitors.  This  was  done  and  by 
the  .selection  of  the  proper  values  of 
cai)acitance,  temperature  coefficient 
and  resistance  of  heater,  the  drift 
due  to  change  in  line  voltaKe  was  re¬ 
duced  from  •  0.0082  /i/tf/volt  to 
>  0.00(i4  nfif  volt.  This  constitutes 
an  impr(»vement  of  20  to  one  in 
stability  against  changes  in  line 
voltage  and  by  maintaining  the  line 
volta^t*  constant  to  0.5  volt,  the 
error  introduced  from  this  cause  is 
made  ne^liKible. 

After  the  compensation  ajrainst 
drift  due  to  line  voltage  chanye  was 
made,  it  seemed  desirable  to  com¬ 
pensate  the  o.scillator  oven  for  drift 
against  temperature.  This  may  seem 
unnecesary  since  the  temperature  is 
c(tntrolled.  However,  if  there  is 
initially  a  temperature  coefficient  of 
‘  0.010  (i/if  deyree  (\  and  this  is  re¬ 
duced  to  —0.001  /»/if  C’..  the  actual 
drift  will  be  reduced  to  a  value  e<iual 
to  that  caused  by  a  temperature 
chanye  of  1  10  of  the  actual  tem- 
parature  variation  of  dLiO.Oo  deyree 
or  =t0.00JH  deyree  ('.  This  is 
much  simpler  than  attem|)tiny  to 
control  the  actual  temperature  to 
:i_0.0031  deyree  ('.  Since  the  yreat- 
est  accuracy  is  retjuired  for  values 
of  capacitance  below  10  /i/if,  the 
compensations  were  made  in  all 
cases  with  zero  capacitance  in  the 
testjiys.  The  compensations  made 
on  the  o.scillator  reduced  the  com¬ 
bined  drift  due  to  voltaye  and  tem¬ 
perature  chanye  from  ;±:0.005  /i//f  to 
1.^0.00025  /i/if  or  a  factor  of  20  to  1. 

Unit  No.  4  is  a  conventional  radio 
receiver  with  both  the  broadcast  and 
the  short  wave  bands  available  and 
usiny  an  elei-tron  ray  tube  as  a  tun- 
iny  indicator.  The  broadcast  band 
is  usually  u.sed  in  routine  testiny. 
It  is  po.ssible,  however,  to  beat  a 
harmonic  of  the  local  oscillator 
ayain.st  the  standard  frequency 
transmissions  of  the  National  Bu¬ 
reau  of  Standards  station  WVVV 
operatiny  on  5,000  or  10,000  kc  by 
usiny  the  short  wave  bands  of  the 


Do  you  know  about  the 
TYPE  160-A  Q-METER? 

XV/E  have  replaced  the 
type  1 00-A  Q- 
Meter  with  the  type 
160-A  Q-Meter  and  have 
built  into  it  numerous  fea¬ 
tures  requested  by  engi¬ 
neers. 

•  Frequency  Range — 50  k.c.  to  75  m.c.  Also  1  k.c.  to  50  k.c. 

with  external  oscillator. 

•  Q  Range  up  to  Q  625. 

•  Improved  4”  high  speed  Q  Voltmeter. 

•  Improved  Main  and  Vernier  Q  Condensers. 

•  Reduced  internal  inductance  in  measuring  circuit. 

•  Availability  of  oscillator  output  voltage  for  general 

laboratory  work. 

Your  type  100-A  Q-Mefer  can  be  converted  into  a  type  160-A, 

The  Q-Meter  is  the  standard  instrument  ot  the  Radio  Industry  for  the  measurement 
of  coils,  condensers,  dielectrics,  antennae,  transmission  lines,  etc. 

May  we  send  you  detailed  Information? 

BOONTON  RADIO  CORPORATION 

Boonton,  New  Jersey  U.  S.  A. 


AIRLINE  TRANSMITTERS 


on  which  human  lives  must  de- 


E.  F.  rn 

IV^SETA,  MI\^ES0TA 


'\MNUF4rTUKEHS 


IXPORTi  »  M4HHIN  ST.,  NTH  SnHS,  N.  t. 

OF  HA  II 10  thaasmittim: 


F  u  II  I  P  M  E  M  T  ‘ 


pend.  Communications  Co.  Inc., 
Coral  Gables,  Florida  used 


This  is  but  one  of  the  many 
users  now  depending  on 
Johnson  where  specifica¬ 
tions  are  exacting.  Investi¬ 
gate  the  advantages  John¬ 
son  has  to  offer  YOU. 

Write  for  catalog  30 ID. 
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Model  SX-28  Super  Skyrider  is  a  6  band,  15 
lube  receiver  giving  you  complete  front  panel 
control  over  every  phase  of  the  circuit.  2 
stages  of  preselection  .  .  .  high  fidelity  push- 
pull  audio  .  .  .  calibrated  electrical  band- 
spread  .  .  .  micrometer  scale  on  main  tuning 
knob . . .  G-posifion  selectivity  control . . .  band 
pass  audio  filter  .  .  .  automatic  noise  limiter  . . . 
new  crystal  filter  circuit  .  .  .  ball  bearing  tun¬ 
ing  mechanism  .  .  .  semi-floating  main  tuning 
and  bandspread  condensers.  Covers  540kc  to 
43mc.  Panel  is  exact  rack  size.  Chassis  has 
rigid  girder  construction.  Hallicrafters-Iensen 
Bass  Reflex  speakers  available.  With  crystal 
and  tubes,  less  only  speaker  .  .  .  $159.50  NET 


USED  BY  33  GOVERNMENTS 
SOLD  IN  89  COUNTRIES 


Model  S-27  is  the  first  general -coverage  U.H.F. 
communications  receiver  to  incorporate  Fre¬ 
quency  Modulation  reception.  Covers  3  bands; 
27  to  46mc;  45  to  84mc;  81  to  145mc.  Switch 
changing  from  FM  to  AM  reception.  Acorn 
tubes  in  R.F.  and  newly  develop>ed  converter 
system.  High  gain  1853  tubes  in  I.F.  stages. 
Beam  power  tubes  and  GC8G  phase  inverter 
in  A.F.  Amplifier.  A  VR  150  voltage  regulator 
tube  is  used  to  assure  excellent  electrical 
stability.  955  plate-tuned  oscillator.  I.F.  selec¬ 
tivity  automatically  sharpened  to  receive  am¬ 
plitude  modulated  U.H.F.  signals  or  broadened 
for  wide  band  frequency  modulated  signals. 
With  tubes,  less  only  speaker  .  .  $175.00  NET 


na 
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amplitudes,  and  hence  is  independent 
of  tube  characteristics,  etc. 

The  frequency-divider  circuits  are 
of  interest  in  that  their  output  is 
always  one-half  of  the  input  fre¬ 
quency,  regardless  of  what  that  in¬ 
put  may  be.  A  balanced  bridge-type 
modulator,  shown  in  the  Figure,  ac¬ 
cepts  the  input  frequency  across  one 
diagonal,  and  feeds  an  amplifier 
across  the  other.  A  portion  of  the 
output  of  the  amplifier  is  fed  back 
to  the  modulator.  Thus  the  fre¬ 
quency  amplified  is  equal  tt»  the  dif¬ 
ference  between  itself  and  the  in¬ 
put  frequency,  a  condition  which 
can  be  .satisfied  only  if  the  amplified 
fretpiency  is  exactly  one-half  the  in¬ 
put  frequency. 

Independent  frequency  checks  of 
the  output  of  \V2XOR  show  the 
average  carrier  fretpiency  tt)  be 
within  500  cps  of  the  assigned  value 
at  all  times,  and  within  50  cps  under 
usual  conditions. 

Sfdf  (i)id  Operating  I'roceditre 

The  .schedule  of  VV2XOR,  105 
hours  per  week,  calls  for  the  serv¬ 
ices  of  three  operators  working 
eight  hour  shifts.  The  first  man 
goes  on  the  job  at  eight  A.M.,  gives 
the  transmitting  a  dusting  (clean¬ 
up  maintenance),  followed  by  a  half- 
hour  warm  up  period  before  going 
on  the  air.  All  meter  readings  are 
made  every  thirty  minutes.  Dis¬ 
tortion  and  frequency  runs  are 
made,  at  pre.sent,  once  a  day  but 
'  will  eventually  be  carried  out  on  a 
once-a-week  basis.  The  antenna  is 
inspected  three  times  a  day.  At 
shut-down,  all  parts  from  the  fu.ses 
to  the  antenna,  including  tubes, 
transformers,  connectors,  capaci¬ 
tors,  etc.,  are  felt  by  the  operator 
to  determine  whether  or  not  the 
operating  temperature  is  normal.  In 
general  the  operating  and  mainte¬ 
nance  procedure  is  quite  similar  to 
that  employed  in  the  WOR  50-kw 
transmitter  at  Carteret.  N.  J. 

•  •  • 

Testing  Ceramic 
I  Capacitors 

1  (Cotitinaed  from  page  29) 

'  must  be  exercised  in  the  design  of 
this  disc,  its  bearings,  contacting 
means  and  inner  box  if  a  high  de¬ 
gree  of  accuracy  is  to  be  obtained. 
The  box  must  be  rigid,  the  bearings 


must  be  free  of  lost  motion  and  a 
positive  detent  mechanism  and  an 
accurate  contacting  means  jirovided 
if  the  di.sc  is  to  be  rotated  during 
the  taking  of  cold  or  hot  readings 
and  returned,  to  duplicate  the.se  set¬ 
tings  for  subsetiuent  readings.  The 
error  due  to  rotating  the  di.sc  and 
returning  it  to  the  same  position 
was  found  to  be  less  than  10  ‘  /i/if. 
Fastened  to  the  shaft  carrying  the 
work  disc  above  is  a  drive  disc,  the 
edge  of  which  is  knurled  and  num¬ 
bered  to  indicate  the  test  posi¬ 
tions,  and  which  protrudes  through 
a  slot  below  the  door  in  the  front 
panel.  This  makes  it  possible  to  ad¬ 
vance  any  unit  to  the  test  position 
at  any  time. 

Design  of  Oseillafor 

Unit  No.  .‘I  is  the  oscillator.  Great 
care  was  exercised  in  the  design  and 
construction  of  this  unit  since  the 
accuracy  of  the  test  is  dependent  on 
the  stability  of  this  o.scillator.  A 
crystal  controlled  o.scillator  was  im¬ 
possible  since  the  frequency  must  be 
a  function  of  the  capacitance  of  the 
unit  being  tested.  Since  the  fre- 
(juency  of  the  o.scillator  is  varied 
over  a  wide  range  of  values  due  to 
the  testing  of  any  unit  from  10  /qtf 
to  1000  /i/.f.  the  more  common  means 
of  stabilization  are  none  too  satis¬ 
factory.  Hence,  the  causes  of  insta- 
stability  were  minimized  as  much 
as  possible  by  placing  the  standard 
capacitors  (used  for  adjustment  to 
zero  beat),  the  tank  inductor  and 
the  tube  in  a  temperature  controlled 
oven,  and  by  employing  a  regulated 
.source  of  power  for  the  o.scillator 
circuit.  A  schematic  diagram  of  the 
circuit  is  shown  in  Fig.  8.  The  tem¬ 
perature  inside  the  oven  during  a 
period  of  two  hours  varies  less  than 
zb0.05  degree  C.  Therefore,  the 
drift  due  to  temperature  change  is 
very  small  and  this  is  reduced  again 
by  a  compensation  which  is  dis¬ 
cussed  later. 

A  voltage  regulating  tube  was 
used  on  the  plate  and  .screen  supply 
which  eliminated  drift  due  to  vary¬ 
ing  anode  potentials.  Even  though 
the  above  precautions  were  taken,  a 
small  but  objectional  drift  with  line 
voltage  change  still  existed.  This 
was  traced  to  the  change  in  heater 
voltage  on  the  o.scillator  tube.  After 
spending  considerable  time  and 
thought  on  how  to  compensate  for 
this  drift,  the  following  idea  seemed 
to  be  the  only  logical  one  to  try. 
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TIME  I 

delay/ 

SYNCHRONOUS 
MOfOR  DRIVEN 


•  LOWEST  PRICED  MOTOR 
DRIVEN  TIME  DELAY  RELAY 

•  giMCK  VISIBLE  DIAL  SETTING 

•  EXTREMELY  RUGGED  CON- 
STRl  C  TION 

•  SPLIT  SECOND  ACCURACY 

•  INSTANTANEOl  S  AUTOMATIC 
RESET 


Sene*  TD-60 
size,  mounted 
in  case  5”  x 

y  X 

contact  rat- 
inft  15  0  0 
watts  n  u  n  • 
inductive 

LIST 

*20“® 

C.an  be  furnished  for 
Hush  or  panel  mount- 
in* 

Manufacturers  of  timers  for  all 
purposes  .  .  .  catalogue  on  request 

INDUSTRIAL  TIMER  CORP. 

103  EdifOR  PlocR 


Modulation 
Limits  in  FM 


(Continued  from  page  SI) 


per  cent  of  the  one-half  bandwidth, 
frequencies  outside  this  band  w’ill 
be  at  least  60  db  below  the  unmodu¬ 
lated  carrier.  It  is  necessary  to 
qualify  this  conclusion  when  cer¬ 
tain  percussion  instruments  such  as 
the  trianjrle  and  cymbals  are  pres¬ 
ent  in  the  program.  With  these  ' 
instruments  intense  peaks  occasion-  i 
ally  occur*  at  frequencies  as  high 
as  10,000  cps.  Under  these  condi¬ 
tions  it  may  be  neces.sary  to  limit 
the  maximum  frequency  deviation  to 
50  per  cent  of  the  one-half  band¬ 
width. 

It  should  be  pointed  out  that  a 
small  increa.se  in  the  ratio  of  the  ' 
maximum  carrier  deviation  to  the 


...maybe  YOU’RE 
missing  an 
opportunity,  too! 

K  II  Hietzke 

IMIEX.  rKKl 

Our  own  "coast  to  const  notwork" 
ot  CREI  men  In  morn  than 

350  Radio  Stations 

—  is  proof  that 
CREI  training  pays! 

Chitf  Enginaars  want  man  who  poisass  mod- 
arn  tachnical  training.  Tha  fact  that  man  in 
mora  than  3S0  broadcasting  stations  salact 
CREI  training  as  avidanca  that  our  graduatas 
maka  good.  CREI  training  in  Practical  Radio 
and  Talavision  En^inaaring  is  availabla  in 
homa  study  and  rasidanca  coursas.  Just  "ask 
any  anginaar"  what  ha  thinks  of  CREI  train¬ 
ing — and  you'll  ba  convincad  that  _wa  can 
provida  you  with  tha  spacialiiad  training  that 
laadi  you  to  a  battar  job  and  graatar  incoma. 

Write  for  FREE 
New  illustrated  beoklet 

"A  Tested  Plan  for 
A  Future  in  Radio” 

In  our  effort  to  Intelligently 
answer  your  inquiry  —  please 
state  briefly  your  8(irA;(7^oiirt'/» 
efiurafion  and  prrtti'nt  po»itiun. 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

DEPT.  E-9,  3224-I6TH  ST.  N.W.,  WASH.,  D.  C. 


one-half  bandwidth  may  result  in  a 
large  increa.se  of  the  magnitudes  of 
frequencies  outside  of  the  assigned  [ 
band.  For  example,  an  increase  ; 
of  this  ratio  of  from  0.90  to  0.95 
results  in  an  increase  in  the  level 
at  the  edge  of  the  band  of  from  — 75 
db  to  — 45  db  for  a  signal  frequency  | 
of  400  cps. 

The  principles  outlined  in  this  I 
paper  appear  to  offer  a  reasonable 
basis  for  the  establishment  of  mod-  I 
ulation  limits  in  a  frequency-modu¬ 
lated  system.  The  ratio 

maximum  frequency  deviation 
one-half  bandwidth 
is  a  convenient  means  of  expressing 
the  maximum  permissible  degree  of 
modulation.  If  this  limit  is  properly 
.set,  interference  in  adjacent  bands 
may  be  avoided. 
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DuMont  cathoda-ray  insirumants  aro  do- 
siqnad  with  auch  work  in  mind.  ETory 
on#  oi  their  outstanding  iaaturaa  has 
been  considered  with  relation  to  its  uie- 
iulnes*  in  the  laboratory.  The  moat  re¬ 
cent  example  oi  thia  kind  oi  derelopment 
work  on  tha  part  oi  DuMont  enqineera  is 
iound  in  tha  new  Type  208  Cathode-Ray 
Oacilloqraph.  We  know  you  will  ap¬ 
preciate  ita  convenience  oi  operation,  the 
care  with  which  ita  iundomantal  deaiqn 
waa  conaiderad  in  relation  to  the  majority 
ot  laboratory  problema,  and  the  rare  at¬ 
tention  to  detail  which  haa  made  this 
cathode-ray  oacilloqraph  periorm  aa  per- 
iectly  within  ita  apeciticationa  aa  man 
knows  how  and  the  laws  oi  nature  will 
permit. 


The  cathode-ray  oacilloqraph  haa  oiten 
proved  itaeli  juat  that — the  key  which 
unlocka  the  aecreta  of  circuit  operation 
and  circuit  troublea.  diacloaing  to  the 
engineer  the  real  cause  of  hia  problem. 


Either  ior  that  particularly  perplexing 
problem  which  now  haunts  you,  or  when 
considering  a  piece  oi  general  laboratory 
equipment,  it  wiU  pay  you  to  atop  and 
investigate  this  instrument.  Detoiled  in- 
iormation  clearly  deiining  the  limitations, 
as  well  as  the  advantages,  oi  Type  208 
Cathode-Ray  Oscillograph,  is  available 
upon  request. 


ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

PqsmIc  if  New  Jersey 


Cable  Address:  Wespexlin,  New  Yoik 
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receiver.  The  adjustment  to  zero 
beat  is  indicated  both  aurally  and 
visually.  The  usual  procedure  is 
to  reduce  the  beat  note  to  a  few 
cycles  per  second  usintr  the  output  of 
the  loud  speaker  as  an  indicator 
and  to  complete  the  balance  to  zero 
beat  usin^  the  electron  ray  tube  as 
an  indicator.  This  method  of  bal¬ 
ance  makes  possible  an  adjustment 
of  frequency  to  better  than  one  part 
in  two  million  in  less  than  fifteen 
seconds. 

The  above  description  covers  the 
equipment  for  measuring  tempera¬ 
ture  coefficient  of  capacitors  quite 
thoroujrhly  except  for  one  point. 
Provision  was  made  in  the  work 
chamber  for  connecting  the  units 
throujfh  a  jitr  and  shielded  line  to 
a  bridge  for  measurinj?  power  fac¬ 
tor  at  hijfh  and  low  temperatures 
and  at  hi}?h  and  low  relative  humid¬ 
ities.  This  jij;  is  located  near  the 
left  front  corner  of  the  work  cham¬ 
ber  and  is  visible  in  Fit?.  3.  The 
jig  is  independent  of  the  one  used 
for  measuring  capacitance  change, 
which  is  l(K*ated  in  the  back  part  of 
the  chamber.  The  shielded  line, 
connecting  the  jig  used  for  measur¬ 
ing  power  factor  to  the  bridge,  may 
be  seen  extending  between  the  left 
side  of  the  work  chamber  and  the 
bridge  in  Fig.  1.  The  equipment  is 
in  use  daily  and  has  proven  entirely 
satisfactory. 


MOLYBDENUM 


TUNOSTEN 


and  ALLOYS 


for  the  Electronics  Industry 


American  Electro  Metal 

COKPORATIOX 

Research  Laboratory  and  Office:  320  YONKERS  AVE.,  YONKERS,  N.  Y. 
Factory:  LEWISTON,  MAINE 

Cable  Address:  Cutanit  Yonkart  NawYork  Telephone:  Marbla  7-Y5II 


FOR  ALL 
ELECTRONIC 
APPLICATIONS 


PENNSYLVANIA’S  ATOM 
SMASHER 


BUD  air-dielectric  condens¬ 
ers  are  designed  to  meet  the 
rigid  requirements  of  con¬ 
stant  service  in  industrial, 
medical,  and  laboratory 
equipment.  They  are  used 
b  y  manufacturers  o  f  dia¬ 
thermy  equipment,  police, 
aircraft  and  commercial 
transmitters,  geo-physical 
apparatus  and  a  wide  vari¬ 
ety  of  similar  applications. 


Your  requirements  cun  be  filled 
from  our  large  stock  of  263 
different  types.  Write  for  your 
copy  of  the  new  BUD  catalog, 
just  off  the  press. 


Profeuor  L.  N.  Ridenour,  Jr.  of  the 
UniTersity  of  Penney Wania  at  the 
control  board  of  the  new  5,000,- 
000-volt  electrostatic  generator  now 
under  construction  in  the  Depart¬ 
ment  of  Physics. 


CLEVELAND,  OHIO 
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FERRANTI 

PRODUCTS 


Transformers  for  every 
electronic,  sound,  com¬ 
munication,  industrial, 
and  laboratory  use  — 
miniature  aero  trans¬ 
formers  for  aircraft  and 
portable  work  —  high 
power  plate  and  fila¬ 
ment  transformers  —  fil¬ 
ters,  equalizers,  modu¬ 
lation  sets,  rectifiers,  etc. 
—  electrostatic  voltme¬ 
ters,  portable  voltmeters, 
ammeters,  phase  rota¬ 
tion  indicators,  special 
testing  equipment,  and 
numerous  other  instru¬ 
ments. 


QUALITY  TRANSFORMERS 
BY  FERRANTI 


Tube  Types  Registered  By  R.M.A. 
Data  Bureau  in  1937 


Ki.KCTKo.N'  ray  indicator  tube,  heater 
tyj)e,  ST-12  jflas^s  eMveloj)e,  seated 
heitrht  inches,  fi-pin  base. 


Type  6S7  (G) 


Tkii’I.k  trrid,  super  control  |)entode.  re¬ 
mote  eutoir,  heater  type.  .ST-12  jrlass 
eiivelopr*.  seated  height  ‘iv'  inches,  7- 
pin  octal  base. 


ELECTRIC 

INCORPORATED 


ha^ini;  7-1 


Type  6Q6  (G) 

Sl.NtW.K  diode  hijrh  mu  triod*-.  heater 
ty|»e.  ST-12  trlass  envelope.  seate<l 
heitrht  .‘1-'’  inches,  d-pin  octal  base. 


Type  6B4  (G) 


l*r«»totype  fi.X.T 

Triouk  power  amplifier,  filament  type, 
.ST- If)  prlass  envelope,  seated  heiurht 
r*  inches.  8-pin  octal  base. 


rt.:{  V 
1 .0  arap 

2.j0  V 
—  15  V 
60  ma 
2."i<X)  oViiii- 
3.2  wato.  <:>%') 


ENAMELED 
MAGNET  WIRE 


.5-S 


•  Much  the 
this  Hudson  Wire  product  is 
^  due  to  a  new  coating  method  that  gives 

a  smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per- 
feet  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engineering  and  design  facilities  are  at  your 
disposal— details  and  quotations  on  request. 


I’ow'KR  amplifier  pentode,  heater  type. 
ST-12  plass  envelope,  seated  height 
i”rt  inches,  7-pin  octal  base. 


6.3  V 
0.4  amp 
2.'i<l  V 
2VI  V 
-  IS  V 
.32  ina 
.5.5  ma 
T600  ohnn.“ 

3.1  watN  '11% 


llii.'iiiiB  7-S 
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be  used  if  the  tube  is  operated  at  re¬ 
duced  output.  The  teleRiaph  ratings 
are:  plate  voltage,  3000  v,  plate  input, 
3  kw  and  plate  dissipation,  1.2  kw. 

The  GL-S002  and  GL-8002-K  are 
.small  considering  their  power  rating. 
They  are  4  11/10  inches  and  oil  inches 
lonjr  respectively  and  have  maximum 
diameters  of  lA  inches  and  3  1 1  H> 
inches  respectively.  The  inductance  of 
the  electrodes  is  minimized  by  the  use* 
of  multiple  leads  to  the  fdament  and 
urid  connectors. 


TUBES 


Two  extremes  are  represeiitetl  in  new 
hearing  ai<l  lubes  ami  18()0-wall  ii-h-f 
transmitting  tubes.  Tubes  registered 
with  R.  M.  A.  in  July,  1940,  and  early 
in  1937,  are  listed  this  inoiitb 


Tube  Registry 


both  tubes  is  .M  microamperes  and  the 
drain  on  the  tilament  battery  is  30  ma 
at  1.2.0  volts  or  37..o  milliwatts.  The 
filament  ratiiifr  is  0.02.5  volts  at  30  ma. 
These  new  tubes  were  desiftned  espe¬ 
cially  for  use  in  hearintr  aids  and 
other  applications  where  extremely 
small  size  and  low  battery  drain  are 
of  primary  importance. 


Hearing  Aid  Tubes 

Whenever  new  tires  are  announced 
which  are  smaller  than  those  previ¬ 
ously  available,  great  surprise  is  often 
expressed  by  radio  engineers.  Then 
another  tube  or  line  of  tubes  even 
smaller  is  announced.  The  newes*  can¬ 
didates  for  the  title  of  “smallest  tube” 
are  two  new  hearing  aid  tubes  an¬ 
nounced  by  the  Raytheon  Production 
Corp.  They  are  both  filament  pen¬ 
todes  and  are  designated  CK-50.5  and 
CK-505X.  These  employ  the  same  ele¬ 
ments  with  different  arrangements  for 
connecting  the  electrodes  to  the  circuit. 


Tube  Types  Registered  by  R.M.A, 
Data  Bureau  During  July,  1940 


Type  12B6M 

Diode  triode,  heater  type,  metal 
sprayed  (T-9)  glass  envelope,  seate<l 
height  3U  inches  (max),  fi-pin  octal 
base. 


L-li-f  TruiiMiiittiii^  Tubes 
bv  General  Eleelrie 


Ik  *=  O.  15  amp 
Ki  “  ■.’■>()  V  (.luax) 
E,  =  -  2  V 
Ik—  0 .0  ma 
^  =  ItXI 

r.  —  !M  .(KK)  ohms 
■Im  —  1,100  M'ohos 
C,»  —  2.. 5  itiif 
^  1.0 

C,,  —  1.7  iiiif 
Ra'in"  OY-l-  S 


Two  NEW  TRANSMITTI.NG  TL'BES  for  U.se 
at  ultra  high  frequencies  have  been  in¬ 
troduced  by  the  General  Electric  Co. 
They  are  both  triodes  and  are  identical 
with  each  other  except  that  one  is  air 
cooled  and  the  other  is  water  cooled. 
The  GL-8002R,  shown  at  the  right  in 
the  accompanying  photograph,  is 
equipped  with  a  milled  copper  radi¬ 
ator  for  forced-air  cooling.  The  GL- 
8002  is  of  the  same  construction  except 
for  the  radiator. 

These  new  tubes  have  been  especi¬ 
ally  designed  for  use  in  television  and 
frequency  modulation  transmitters. 
Full  output  of  1800  watts  may  be 
achieved  at  frt*quencies  up  to  120  Me 
in  the  air-cooled  model  and  up  to  1.50 
-Me  in  the  water-cooled  model.  Fre¬ 
quencies  up  to  200  Me  (air-cooled  tulie) 
and  300  Me  (water-cooled  tube)  can 


Power  amplifier  pentode,  taliped  fila 
ment,  (T-9)  integral  glass  envelope 
base,  seated  height  21  inches  (max) 
8-pin  loktal  base. 


Ek  =  2.8  V 
Ik  -  0.0.50  amp 
Ek  fO  V 
Erj  •=  ;k>  V 

E,  -  -  <1  V 
7 >  “  0.0  ma 
/.?  =  1.8  ma 
Tp  —  I  lO.tMXI  olims 
tif,  —  l,0(Nl  timhos 
III  -  6.(NH)  ohms 
/'«  —  0.50  walls 
Rasinj? 


The  smallest  tubes  thus  far  pro¬ 
duced  are  these  units  for  hearing- 
aid  use 


The  CK-505  is  equipped  with  a  special 
miniature  5-pin  base  and  the  CK-505X 
has  tinned  copper  leads  for  soldering 
directly  in  the  circuit.  The  latter  tube 
is  supplied  with  a  removable  standard 
octal  base  to  facilitate  testing.  The 
CK-505  has  a  seated  height  of  1 
inches  and  the  diameter  of  the  glass 
envelope  is  0.550  inch. 

A  pair  of  these  tubes  in  a  resistance 
coupled  amplifier  has  a  voltage  gain  of 
225  with  a  plate  voltage  supply  of  30 
volts.  The  total  B  battery  drain  for 


Full  output  of  1800  watts  is  available  up  to  ISO  Me  in  the  GL-8002  (left),  up  to  120  Me 

in  the  air-cooled  version 


September  1940  —  ELECTROINICS 


Sur- 

«etaUc 

=  cleaned  *\  netted  ■ 

a''®  '■'f  earns  id6  ^S 

rt^r%,atrd\eW®;:r  .e 

e  in  <=°^^  ^;ch  dave  n  3 

jerfaee®  *  tY>is  «>e»^?(,Y,  coUo^ 

oessfV^^if  thes  e^®  foUo* 
grapdr  ^ionsh  P  ^^spen. 
ISPr'®?-  '^®hici'  ®^°;t,ed  eP® 

UVcenP;®VttinP 

^inironm  »e 


Detector  amplifier  triode,  heater  tyF>(*. 
ST-12  p:lass  envelope,  seated  heifTht 
Ilia  inches,  6-pin  octal  base. 

(  Ks  -  »> .  3  V  © 


H:i.‘<llig  ti-CJ 


Hi6i'W^ 

roo® 


Power  amplifier  pentode,  heater  tyi)e, 
ST-14  Frlass  envelope,  seated  heijrht 
4rff  inches,  7-pin  octal  base. 


En  V 

l\  =  0.3  amp 
E*  -  200  V 
E,i  «  13  )  V 
E.  =  -  23  V 
/k(*ero signal)  «•  62 
ma 

£rt(7ero  signal)  ••  l.S 
ma 

Ri  «  2.')00  ohms 
/'.  “7.1  watts  (l'')%) 
Rasing  7-S 


\  These  findings  of 

' — practical  value  to  workers  in  ap¬ 
plied  electronics  show  how  adherent  graphite 
films  may  be  readily  formed  on  polished  glass  and  metal 
to  insure  electrical  conductivity,  dry  lubrication,  “gettering” 
and  other  special  properties.  The  July  “Review  of  Scien¬ 
tific  Instruments’’  will  carry  the  above  data  in  augmented 
form.  Write  for  Technical  Bulletins  11,  31,  270.  ij  t 

ACHESON  COLLOIDS  CORPORATION  HW 

PORT  HURON.  MICHIGAN  IpSiam 


Prototype  .’SZ.'l 

Fi’LL  wave,  hijrh  vacuum  rectifier,  fila¬ 
ment  type,  ST-16  plass  envelope,  seated 
height  43  inches,  .o-pin  octal  base. 


Ef  -  .5  0  V 
/f  “  3.0  amps 
CONDl'NSEH  INPUT 
TO  FILTER 
E.cfper  plate,  rms)  — 
4.50  V  (mai) 

It,  “  225  ma 
CHOKE  INPUT  TO 
FILTER 

E.a(per  plate,  rms)  “ 
5.59  V  tmaxl 
It,  ~  225  ma 
Esr.etls.  “  225  ma  per 
plate)  “  58  v 
Basing  5-T 


FAILURE 

I¥at  A.Ua§ved! 


Prototype  6B7 

Duodiooe  pentode,  heater  type,  ST-12 
glass  envelope,  seated  height  3i? 
inches,  8-pin  octal  base. 


This  150  watt,  four-channel  unit,  designed  especially 
for  aeronautical  use  by  Communications  Equipment 
Co.  of  Coral  Gables,  Florida,  agoin  vividly  associates 
the  name  KENYON  with  Dependable  Operation — for 
Aviation  tolerates  no  failures. 

Today — more  than  ever — Kenyon  is  the  bulwark  upon 
which  the  lives  and  safety  of  many  people  depend 
because  Kenyon  Transformers  are  uniformly  reliable 
under  even  the  most  odverse  conditions. 

Ask  any  manufacturer  of  quality  equipment — whether 
for  commercial,  private  or  governmental  use — what 
(hey  think  of  Kenyon  Transformers.  Uniformly  the 
onswer  will  be,  "we  have  'Kenyonized'  to  assure  de¬ 
pendable  performance."  They  realize  the  importance 
of  "Failure — no(  allowed!" 


6.3  V 
0.3  amp 
2.')0  V 

125  V  (max) 
-  3.0  V 
9.0  ma 

2.3  ma 

0.6  megohm 
1125  ^mhoa 


Baaing  S-E 


Type  6N6 

Prototype  6B5 

Dynamic  coupled  power  amplifier, 
heater  type,  metal  envelope,  seated 
height  33  inches,  7-pin  octal  base. 


Consult  our  Engineering  Department 
today.  They  are  at  your  service! 

NEW  CATALOG 

describes  and  illustrates  our  complete  line  of  Transformers 
for  every  commercial  and  industrial  use. 


E»  -  6.3  V 
Ik  “  0.8  amp 
E  , (output)  “  300  V 
£  I  (input)  “  300  v 

£c  “  0  V 

I  t(output)  —  42  ma 
/»(input)  “  9ma 
Ri  “  7000  Ohms 
P,  ••  4  watts  (5%) 
Basing  7-W 
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JAMES  G.  BIDDLE  CO. 

tt0ttri€al  Instruments 
1711-13  Arch  Street  Philadelphia,  Pcc. 


JAGABI  Jjuhti'tait 


Bkam  power  amplifier,  heater  type 
(ST-12),  plass  envelope,  seated  heipht 
Sili  inches,  7-pin  octal  base. 


£.’*  =  2.'> .  0  V 

Ik  =0.3  amp 
Kk  =  no  V  I  max) 

A'fj  =  110  V  (max) 

E,  =  —  7 . 5  V 

Ih  (xero  siK'ial)  =49 
ma 

/,j  I Zf-ro  signal)  =4.0 
ma 

fi,  -  2000  ohms 

F.  =  2.2  watts  (10%) 
Itiu-iiig  7-.\C 


LUBRICATED 

SLIDING 

CONTACT 


Pe.ntac.riI)  converter,  heater  type.  ST 
12  plass  envelope,  seated  heiirht  3T: 
inches,  8-pin  octal  base. 


Ek  -  «  3  V 
/*  —  O.  l.'>  amp 
Ek  ~  2.'i<l  V 
Ert.K  -  1<H)  V 
E,i  =  2.V)  V  through 
20  000  ohms 
f;,  -  -  3  V 
Ik  —  3 . .5  ma 
E,j  ”4.3  ma 
/,!.»  ”2.6  ma 
(7,  ”  .ViO  ,»mhos 
IhiHitig  H-.\ 


EVERY  SIZE 
for  ANY  JOB 


A  graphited  carbon 
lubricator  associated 
with  the  contact 
brushes  eliminates 
scratching  and  abra¬ 
sion  —  gives  smoother 
operation  and  a  bet¬ 
ter  contact.  Makes 
Jagabi  Rheostats 
better  rheostats. 


Here  is  the  only  complete 
line  of  "B”  power  supply 
equipment  for  police  units, 
air  craft  and  radio  broadcast 
service  and  sound  systems. 

Frames,  sizes  and  capacities 
to  fit  any  requirements.  5  to 
850  watts.  Input.  6  to  110 
volts;  output,  up  to  1750 
volts. 


tt'rilr  for  Bullelin 
1(>20-F  uhiih  lilts 
ntu  loutr  prifts. 


Power  amplifier  pentode,  half-wave 
rectifier,  heater  type,  ST-14  plass  en¬ 
velope,  seated  heipht  4 1’s  inches,  8-pin 
octal  base. 

Ek  -  2.')  .0  V 
Ik  “  0.3  amp 

PENTODE  SECrriON  ^ 

Hi  ”  4'i00  ohms  T  I 

/’.  “  770  milliwatts  t  JH) 

KECrriFlER 

.SECTION  (TpirTO 

£,,(rm8)  ”  125  v  ^  ^ 

Id,  “7.5  ma 
Itasmg  8-F 


rmcor  Dynamotors  are  the 
last  word  in  efficiency  and 
regulation.  Deliver  high  volt¬ 
age  current  for  proper  opera¬ 
tion  of  your  apparatus  with 
a  minimum  of  A.  C.  ripple. 

Compact,  light  weight.  With 
or  without  filter.  Send  lor 
catalog. 


Your  particular  needs  in  signalling  and 
control  devices  and  equipment  have 
already  been  anticipated  and  met  by 
Autocall.  Thirty  years  leadership  Is 
your  assurance  of  efficiency.  Long, 
economical  service  is  your  final  proof 
of  it.  Write  today  for  new  illustrated 
catalog. 


ROTARY  CONVERTERS 

Complete  Une  for  converting 
6.  12,  32.  110  or  220  volts 
D-  C.  to  110  or  220  volts 
A.  C.  40  to  3,000  watts. 


Duodiode  pentode,  heater  type,  metal 
envelope,  seated  heipht  2  A  inches,  8- 
pin  octal  base. 

Ik  “0.3  amp 

“  250  V  *  n  ••••••— 

ErS  “  125  v  I  1 1  1 

/?.  “-3.0V  I  I 

Ik  ”  10  ma  - jCt) 

la  “  2.3  ma 

r»  “0.6  megohm  y 

Om  “  1325  Mmhon  ■  ^') 

Basing  8-E  vX' 


PIONEER 

GEN*E*M0T0R  CCRP 

CHICAGO  .  ILLINOIS 


ft*lav  Type  TR 

Thermal  time  delay  type 
consisting  of  a  movable 
bi-matallic  thermal  contact 
strip  housed  within  a  fixed 
g  unit.  The  entire  element  is 
a  bakelite  block  tor  panel 
Can  be  supplied  for  panel 
with  jack  type  base. 


Export  Addrnt:  2S  Warren  St. 
Cable:  Siaiontriee.  New 


Dynamic  coupled  power  amplifier, 
heater  type,  ST-12  glass  envelope, 
seated  heipht  3^3  inches,  6-pin  base. 
(Similar  to  25N6G.) 

Ek  -  25.0  V  (?  I  -  1^^ 

Ik  “  0.3  amp 

Es(output)  “  180  V  y  1 - ^ 

Esiinputr  “  100  v  ^  IIZT  it® 

I  s(output)  “  46  ma  \  / 

I  R(input)  “  5.8  ma  \  f'r'i  y 

Ri  “  4000  ohms  — T —  y 

P,  “  3.8  watts  (9%)  ^6) 

Basing’,6-D  ^ 


PIONEER  GEN-E-MOTOR  CORP. 
Dept.  R-41 

466  W.  Superior  St..  Chicago,  III. 

Please  send  informaUon  on 
Oynamotor^,  Motor  Oenerators  and 
power  supply  units. 


Name 


Address 


City  .  State  . 

□  Also  send  me  Rotary  Converter  Catalog. 


:s 
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PreeisJon  Built 
tor  Puri^ct  Puwiotmancu 


FAIRCHILD 
TRANSCRIPTION  TURNTARLC 

/or  W^OMT-l'ree  Buprodueiion 


AVIATION  CORPORATION 

81-OC  Van  Wyck  Boulavard.  lomaico.  L.  I.  N.  Y. 


HOWARD  B.  JONES 

2300  WABANSIA  AVENUE.  ' 
CHICAGO  ILLINOIS 


Dynamic  coupled  power  amplifier, 
heater  type,  ST-12  jrlass  envelope, 
seated  heijrht  21;':  inches,  7-pin  octal 
base.  (Similar  to  25B5.) 


Kk  =  2.'..0  V 
/*  =  0.3  amp 
A’k(output'>  =  ISO  V 
(max) 

/■.’k(iiiput)  =  100  V 
Kc  =  0  V 

/  ■  output)  =  4fi  mil 
/  (.(input  '  =  •‘i.s  mil 
l{i  =  4000  olime 
=  3.S  watts  (tt%' 
Itasins;  T-W 


DconiODE  triode,  heater 
Klass  envelope,  seated 
inches.  7-pin  octal  base. 


type,  ST- 12 
heifrht  2!,i 


Precision  construction  insures 
higher-fidelity  reproduction  —  and 
this  Fairchild  Unit  227  eliminates 
wow,  speed  variations,  and  vi¬ 
bration. 

Dynamically  balanced  16-lb.  cast- 
iron  turntable  is  driven  by  syn¬ 
chronous  motor  through  two-speed 
adhesion  drive.  Fairchild  floating 
motor  assembly  eliminates  objec¬ 
tionable  motor  vibration. 


t’..3  V 
0.3  amp 
L’  V)  V 
-  20.0  V 
s.O  mil 
7.'>00  oluu.« 

1  lUU  iimboe 
‘20.000  ohms 
3.V)  milliwatts 


CONCENTRIC  LINE 


Loss  and  undesirable  radiation  are  eliminated 
when  concentric  line  is  used  to  connea 
vuur  transmitter  or  receiver  to  the  antenna. 
Seven  sizes  are  available  from  *4"  diameter 
for  low  ptiwer  transmitting  and  receiving 
up  to  3  inch  diameter  rated  at  lOOKVt  . 
Let  us  know  your  requirements. 


it  had  to  salisly  Fairchild 


I’rototypc  HDh 

Tiiiri,K-GRin  super-control  amplifier,  re¬ 
mote  cutoff,  heater  type.  ST-12  irlass 
envelope,  seated  height  1  u:  inches.  7- 
pin  octal  base. 


Sound  Equipmont  Division 


6.3  v 
0.3  limp 
2.'iO  v  (miix) 

1(K»  V 

-  3.0  V 
S.‘2  mil 
2.0  mu 
O.S  megohm 
1600  /imhos 


SEALED  TERMINALS 


Obtain  the  best  efficiency  from  your  con¬ 
centric  line  installation  by  filling  it  with 
(tas.  Be  sure  the  gas  will  not  leak  out  bv 
installing  sealed  terminals.  Sizes  are  avail¬ 
able  for  any  size  line  or  application. 


OUT-DETECTING 
rHE  LIE-DECTECTOR 


Tho  No.  136  and 
137  Sorias  also 
havo  tour  typos  of 
torminals  with  samo 
torminal  arranqo- 
monts  as  No.  135 
Sorias.  Mado  up  in 
panols  of  two  or 
moro  torminals. 


DIRECT  READING 
FREQUENCY  MONITOR 


Simplify  your  freauency  checking  by  install¬ 
ing  an  FD-8  Monitor.  It  reads  carrier 
frequency  deviation  directly  on  the  pre¬ 
cision  Frequency  Meter  on  the  front  panel. 
Provision  is  made  for  operation  on  six 
frequencies.  Readings  are  guaranteed  ac¬ 
curate  within  .002%  of  the  carrier  frequency. 


Our  lino  of  standard  parts  is  constantly 
boinq  incroasod  to  qivo  you  tho  most 
comploto  sorvico  for  Torminal  Panols, 
Torminals,  Plugs,  Sockots,  otc.  Spocials 
also  made  to  your  bluo  print.  Writo  for 
now  catalog  today,  Addross  Dopt.  10. 


The  "psychometer"  developed  at 
the  University  of  Iowa  measures 
the  emotional  reaction  of  a  patient 
by  measuring  changes  in  the 
sweat  glands.  It  is  claimed  by  the 
inventor  Christian  Rucknicic  to  be 
more  accurate  than  the  conven¬ 
tional  lie  detectors  which  measure 
changes  in  blood  pressure,  respira¬ 
tion  and  temperature 


OUR  LINE  INCLUDES 

POLICE  RADIO  TRANSMITTERS  &  RECEIVERS 
BROADCAST  TRANSMITTERS 
FIELD  INTENSITY  METERS 
HIGH  FREQUENCY  ANTENNAE 
SPECIAL  RADIO  APPARATUS 
TO  SPECIFICATIONS 

•  Literature  and  Prices  Sent  on  Request 

DOOLITTLE  RADIO  INC. 

7421-23  Loomis  Blvd.  Chicago,  III. 
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A  new  electronic  musical  instru¬ 
ment.  the  SoloTOX,  which  uses 
vacuum  tube  oscillators  as  tone 
generators,  is  intended  ior  attach¬ 
ment  to  the  standard  piano  key¬ 
board.  Three  octaves  (36  keys) 
are  provided,  and  12  timbre  con¬ 
trols  which  introduce  changes  in 
tone,  tonal  attack  and  register 
vibrato.  Anyone  who  can  play  the 
piano  can  play  the  solovox  simply 
by  playing  the  treble  parts  on  the 
auxiliary  keyboard 


INSURE  COMPLETE  SATISFACTION! 

Rivets  are  small — but  mighty  important!  Make  sure  you 
always  use  the  best — T  R  &  S  Rivets.  The  superiority  of 
T  R  &  S  Rivets  is  unquestioned.  They  are  specified  wher¬ 
ever  quality  in  production  is  a  factor,  where  standards 
of  fit  for  stress  and  strain  must  be  maintained.  Such  pro¬ 
duction  charts  call  for  rivets  of  uniform  preciseness. 

Many  motorized  models  of  our  rivet  setting  machines  are 
available  in  single  stroke  and  multiple  drive.  Inquiries 
are  invited  with  samples  of  work  you  wish  to  do. 

TUBULAR  RIVET  &  STUD  CO. 

World’s  Largest  Manufacturers  of 
Tubular  and  Split  Rivets 
WOLLASTON  (Boston)  MASSACHUSETTS 

New  York  Chicago  Detroit  Indianapolis  San  Francisco 

Nashville  Dallas  St.  Louis 
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ELECTRONIC  Ml  SIC 
FOR  PIANISTS 


Bendix-Scintilla  relies  on  WILCO  AERALLOY! 


Matchless  performance!  Ab¬ 
solute  dependability!  That’s 
why  you  find  WILCO  AER¬ 
ALLOY  Contact  Points  in 
Bendix-Scintilla  Aircraft  Mag¬ 
netos — the  preferred  magneto 
in  every  type  of  aircraft. 

Yet  in  the  far-famed  WILCO 
laboratories  men  of  vision, 
integrity  and  experience  con¬ 
tinue  to  pioneer — so  WILCO 


contact  points,  already  peer¬ 
less  .  .  .  may  be  even  better! 

Call  on  WILCO  leadership 
for  the  solution  of  your  con¬ 
tact  or  thermostatic  bi-metal 
problem.  Write  for  “Wilco 
Blue  Book  of  Thermometals 
and  Electrical  Contacts.” 

The  H.  A.  Wilson  Co. 

105  Chestnut  St.,  Newark.  N.  J. 

Br.  Off.:  Detroit,  Mich,  &  Chicago,  III. 


Type  5X4  (G) 


TypeiYf'CG) 


Prototype  80 


FT’l.l,  wave  hi>rh  vacuum  rectifier,  fila¬ 
ment  type,  ST-1 4  irlass  envelope,  seated 
heiirht  1  iS  inches,  8-pin  octal  base. 


Et  -  5.0  V 
If  —  2.0  amp 
(’ONTIKNSKK  INI'UT 
TO  Fll.TKll 
Ea,(pfT  plate,  rriiN)  — 
3.‘>0  V  (max) 
lit  ~  12.'i  in:i 
CHOKK  INPUT  TO 
FIl.TKU 

E,r{poT  plate,  rm.a)  — 
.'lOti  V  (.max) 

Id,  •  I2,'>  ma 
EdttpUd,  “  12.'i  |H-r 
plate)  «  60  V 
Basing  ,5-Q 


I’rototype  .'iZ.3 


Fui-l,  wave  high  vacuum  rectilier,  fila¬ 
ment  type,  ST- 11)  glass  envelope,  seated 
height  43  inches,  H-pin  octal  base. 


Et  -  5.0  V 
If  —  ,5.0  amps 
(’ONDF.N.SF.U  INPUT 
TO  FILTKH 
f’,’.,(per  plate,  rma)  — 
4.50  V 

I  dr  “  22.5  ma  fmax) 
ClIOKF,  INPUT  TO 
FILTER 

|)er  plate,  nns)  “ 

^  .5,50  V  (max) 

Idi  ”  22.5  ma  (max) 
Ed„p(Idt  ••  225  ma  per 
plate)  —  .5S  V 
Baxing  .5-(i 


WILCO 


A 


O 


N 


THE  ELECTRON  ART 


merits  which  may  be  made  with  this 
new  instrument,  which  because  of  its 
simplicity,  linearity  ami  stability  is  a 
most  convenient  measuring  device. 

•  •  • 


Topics  in  the  technical  literature  re¬ 
viewed  this  month  include  an  electronic 
micrometer,  tuhe  life  tests,  feedback  in 
amplifiers,  a  stable  d-c  a-c  amplifier  and 
a  c-r  oscillograph  used  for  measuring 
time  intervals 


Life 

of  V  aeiiiim  Tubes 

“Dktkrmination  of  thk  .Avf.kack  l.IFK 
of  Vacuum  Tubes,”  by  D.  K.  (lannett, 
appears  in  the  Aujrust  IlUO  issue  of 
the  lirll  I.nboratitrii'd  Uvnnd.  The 
method  used  is  similar  to  that  used 
by  the  life  insurance  companies  for 
determinin^r  the  life  expectancy  of 
people.  However,  the  en>rineer  is  not 
as  fortunate  as  the  life  insurance 


Electronic  Micrometer  and 
Its  Use  in  Mechanical 
Measurements 

There  appears  in  the  June  1940  issue 
of  the  Journal  of  Applied  Mechanics 
an  article  by  Ross  Gunn  describing  an 
electronic  micrometer  of  novel  desijjn. 
This  instrument  may  be  used  with  spe¬ 
cial  circuits  which  are  described  to 
obtain  an  indication  of  the  sums,  dif¬ 
ferences,  ratios,  or  products  of  me¬ 
chanical  displacements.  Hence,  it  is 
useful  in  many  mechanical  measure¬ 
ments.  The  zero  drift,  hysteresis, 
temperature  and  pressure  variations 
have  been  reduced  to  less  than  1  per 
cent. 

The  tube  element  of  this  micrometer 
serves  as  the  connecting:  link  between 
the  mechanical  quantities  to  be  meas¬ 
ured  and  the  resulting:  electrical  cur¬ 
rent  or  potential  as  shown  in  the  ac¬ 
companying:  diag:ram.  It  consists  of  a 
fixed  filament  and  a  pair  of  anodes  in¬ 
sulated  from  each  other  and  placed  on 
each  side  of  the  filament.  They  are  so 
arrang:ed  that  they  may  be  moved  by 
means  of  the  supporting:  rod  from  the 
outside.  Any  motion  of  the  rod  is 
transferred  to  the  anodes  of  the  tube, 
one  of  which  is  moved  closer  to  the 
filament  and  the  other  is  moved  fur¬ 
ther  away.  This  chang:es  the  resist¬ 
ance  of  each  diode.  These  chang:es  in 
resistance  are  used  to  grive  an  indica¬ 
tion  in  the  exterior  circuit.  The  tube 
is  desig:ned  to  have  hig:h  mechanical 
rig:idity  and  a  hig:h  natural  period  of 
oscillation.  A  suitable  bridg:e  circuit 
for  use  with  this  micrometer  is  shown 
in  the  fig:ure. 


rS: 

ikJI 

Electronic  micrometer  using  a  mov¬ 
able-anode  structure 

The  sensitivity  of  typical  microm¬ 
eters  of  this  type  approximate  150 
microamperes  per  mil  (0.001  in.)  or 
about  i  volt  per  mil  when  working: 
into  a  high  impedance.  Because  of 
the  inherent  zero  stability  built  into 
the  tubes  and  associated  circuits,  this 


micrometer  is  especially  suitable  for 
the  measurement  or  indication  of  small 
displacements  at  a  remote  point.  These 
small  displacements  may  originate  as 
a  result  of  tension,  compression  or 
torsion  in  some  stressed  member. 

Hence,  if  the  member  is  elastic  and 
obeys  Hooke’s  law,  the  indicating  elec¬ 
trical  meter  may  be  calibrated  in 
terms  of  strain,  stress,  force  or  torque. 
If  a  small  mass  is  attached  to  the 
anode  supporting  arm  of  the  tube, 
the  instrument  becomes  an  accel¬ 
erometer  which  is  readily  calibrated 
in  absolute  units. 

This  instrument  is  also  useful  for 
the  analysis  of  low-frequency  vibra¬ 
tions.  It  will  follow  mechanical  vibra¬ 
tions  up  to  more  than  65  cps  and  repro¬ 
duce  the  amplitude  and  wave  form  on 
an  oscillograph.  By  careful  design  the 
frequency  can  be  raised  to  about  1,000 
cps.  The  article  includes  a  brief  dis¬ 
cussion  of  the  many  possible  measure- 


actuary  because  he  is  not  able  to  ob¬ 
tain  data  from  all  the  individuals  con¬ 
cerned.  Therefore,  he  relies  on  field 
trials  or  studies  of  selected  groups  of 
tubes.  Furthermore,  the  tul)es  used  in 
a  telephone  plant  have  average  lives 
which  are  measurable  in  terms  of 
years  so  that  a  long  time  would  be 
required  to  obtain  a  cmnplete  history. 
Naturally  the  engitieer  cannot  afford 
to  wait  very  long  to  determine  whether 
a  certain  type  of  tube  is  satisfactory 
for  standard  use.  A  method  was  de¬ 
veloped,  therefore,  by  which  the  aver¬ 
age  life  could  be  predicted  in  a  com¬ 
paratively  short  time. 

A  certain  definite  pattern  in  the 
life  statistics  of  vacuum  tubes  as  they 
are  now  constructed  has  been  found 
to  exist.  It  has  been  found  in  each 
case  in  which  sufficient  data  has  been 
obtained  to  establish  the  facts.  Among 
a  large  group  of  tubes  after  an  initial 
period  that  varies  with  the  type  of 


GUIS  WELDERS 


Electronically  controlled  spot  welders  in  the  shape  of  guns  are 
now  widely  used  to  assemble  automobile  bodies.  The  operator 
pulls  a  trigger  which  starts  a  series  of  accurately  timed  current 
pulses.  An  operator  may  loin  20  parts  in  150  places  in  less  than 
a  minute  on  this  jig  for  a  radiator  and  grille  assembly 
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Save  your  money  for 
o  rainy  day," 


Ifiere  IS  no  soving 
in  using  quf3s!ionobIe  resistors 


Use  a  resistor  specifically  design¬ 
ed  to  do  the  lOb  in  hand 


let  us  help  you  m  the  selection 
of  the  proper  resistor  lor  your 


purpose. 


Catalogue  upon  Request 


Instrument  Resistors,  Ini. 


LITTLE  TALLS,  NEW  JERSEY 


MAKfIS  or  w  WOUND  XSiSTORS 
FOR  THt  iltCTtONiC  INDUStIT 


’Ttetvr. 


•  *  it 
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tube,  the  rate  of  failure  expressed  in 
per  cent  of  the  tubes  remaining  in 
service  tends  to  become  constant  just 
as  thoujrh  random  failure  occurred. 
Thus,  the  curve  showinjj  the  per  cent 
of  a  prroup  of  tubes  remainint?  in  serv¬ 
ice  plotted  against  the  time  after  they 
are  placed  in  service  becomes  approx¬ 
imately  an  exponential  curve  after  an 
initial  period  has  passed.  Such  a  curve 
Itecomes  a  straight  line  when  plotted  on 
semi-loKarithmic  coordinates.  When 
enouLrh  data  of  a  test  has  been  ob¬ 
tained  to  determine  such  a  straight 
line,  it  may  be  reasonably  assumed  that 
that  stiaiKht  line  will  indicate  the  rate 
I  of  failure  of  the  tubes. 


8,000  l?P00 

Thouiands  ot  Hours 


16,000  20,000 


Tube  life  statistics.  The  horizontal 
dotted  line  represents  average  life 


Life  curve  plotted  on  log  coordi¬ 
nates  to  show  exponential  law 


Gives  you  a  better  understanding  of 
how  and  when  to  use  Littelfuses! 


In  these  12  pages  you  will  find  most 
essential  engineering  data,  charts, 
curves — with  a  complete  listing  of 
Littelfuses,  fuse  mountings  and  other 
products — information  that  you  will 
want.  Be  sure  to  get  your  copy.  A  re¬ 
quest  on  your  letterhead  will  bring 
the  catalog  to  your  desk  free. 


Feedback  Amplifierg 


LITTELPUIE  INC. 

47S5  RAVCNSWOOD  AVE.  CHICAGO,  ILL.j 


PRECISION 

PORTABLES 


Model  625 


Clear  Readability 


Models  625  (DC — Moving  Coil  Type) — 
635  (AC — Movable  Iron  Vane  Type)  and 
665  (Electrodynamometer  Type)  .  .  .  new 
molded  case  portables,  may  be  obtained 
\N  ith  extreme  sensitivity  for  laboratory  use 
— as  well  as  those  for  general  commercial 
and  industrial  testing  purposes.  Have  mir¬ 
ror  scale  and  knife-edge  pointer  to  assure 
quick,  accurate  readings.  Scale  length  is 
•4.58" — Accuracy  within  l9c.  Attractive 
black  molded  case,  6"  x  5}"  x  2\''.  .Attached 
leather  strap  handle. 


Model  725 


The  average  life  of  a  group  of  tubes 
is  the  total  number  of  tube  hours  of 
service  which  they  render  divided  by 
the  number  of  tubes  originally  in  the 
group.  If  the  life  curve  is  exactly  ex¬ 
ponential  throughout,  it  can  be  shown 
that  the  average  life  corresponds  to 
the  time  when  about  37  per  cent  (100 
per  cent  divided  by  *)  of  the  tubes 
remain  in  service. 

There  is  little  advantage  to  a  sys¬ 
tem  of  maintenance  if  all  tubes  are 
periodically  replaced  by  new  tubes. 
This  is  because  the  short-lived  tubes 
have  already  been  weeded  out  and  the 
tubes  that  remain  are  likely  to  last  as 
long  and  give  as  good  service  as  the 
new  tubes  w’ith  which  they  might  be 
replaced. 


Antuher  popular  line 
of  portables  includes 
Models  725  (DC)— 

735  (AC).  This  popu¬ 
lar  style  has  a  preci¬ 
sion  instrument  with  long  6"  mirror  scale. 
Dak  case  is  11"  x  9"  x  4". 


Model  626 

1  Another  of  the  new 

\  panel  instrument  case 

%  styles  being  added  con- 

stantly  to  the  Triplett 
line.  This  6"  rectangu¬ 
lar  molded  case  instrument  offers  unusually 
long  readable  scales — 5.60"  DC;  5.30"  AC 
— One  of  Triplett’s  25  case  styles. 


W'rite  for  Catalog — Section  239 
Harmon  Drive 


Feedback  as  applied  to  amplifiers 
comes  in  for  discussion  in  current 
technical  periodicals.  There  appears 


THE  TIIPLETT  ELECTRICAL  IRSTRIMEIT  CO. 
Blaffton,  Ohio 
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INDUSTRIAL  TESTERS 


M*ll  DIVISION 

McGRAW-HIU  PUBLISHING  CO 


in  the  July  1940  issue  of  the  Bell 
System  Technical  Journal  an  article 
by  H.  W.  Bode,  entitled  “Relation  Be¬ 
tween  Attenuation  and  Phase  in  Feed¬ 
back  Amplifier  Design.”  E.  K.  Sande- 
man  is  the  author  of  another  article 
on  feedback  in  the  August  1940  issue 
of  The  Wireless  Engineer.  It  is  stated 
in  Mr.  Bode’s  article  that  improve¬ 
ments  in  the  characteristics  of  the 
amplifier  are  promised  by  the  applica¬ 
tion  of  feedback.  But  unless  the  phase 
and  attenuation  characteristics  around 
the  feedback  loop  can  be  properly  ad¬ 
justed  so  that  the  amplifier  will  not 
spontaneously  burst  into  uncontrollable 
singing,  none  of  these  advantages  can 
actually  be  realized.  Typical  designs 
of  feedback  loops  remind  the  author 
of  a  perpetual  motion  machine.  They 
both  always  work  e.xcept  for  one  little 
detail.  In  an  effort  to  avoid  attack¬ 
ing  the  problem  blindly,  the  author  de¬ 
veloped  several  mathematical  relations 
which  in  their  sphere  have  the  same  in¬ 
violable  character  as  the  physical  law 
which  forbids  the  building  of  perpetual 
motion  machine.  They  show  that  the 
attempt  to  build  amplifiers  w’ith  cer¬ 
tain  types  of  loop  characteristics  must 
fail.  They  permit  other  types  of  char¬ 
acteristic  but  only  at  the  cost  of  cer¬ 
tain  consequences  which  can  be  cal¬ 
culated. 

In  Mr.  Sandeman’s  article  the  prob¬ 
lem  of  feedback  is  attacked  from  a 
more  general  viewpoint.  An  ideal  case 
of  feedback  is  first  discussed  to  de¬ 
velop  the  fundamental  formulas.  This 
is  followed  by  two  more  practical  ex¬ 
amples.  The  various  factors  influenc¬ 
ing  the  design  of  feedback  amplifiers 
are  considered  in  detail.  The  engineer 
making  use  of  feedback  amplifiers 
would  do  well  to  read  this  article  as 
well  as  the  one  written  by  Mr.  Bode. 


A  S  business  paper  publishers 
for  over  50  years,  Mc¬ 
Graw-Hill  is  uniquely  equip¬ 
ped  to  offer  complete,  authori¬ 
tative  direct  mail  coverage  of 
Industry’s  major  markets.  Ex¬ 
treme  accuracy  is  maintained 
(guaranteed  to  98%)  and 
through  careful  analysis  of 
markets,  complete  classification 
of  companies  and  personnel, 
etc.,  the  widest  possible  selec¬ 
tions  are  available.  Send  for 
handy  reference  folder  “Hun¬ 
dreds  of  Thousands  of  Rea¬ 
sons  Why”  which  describes 
how  McGraw-Hill  Lists  are 
built  and  maintained. 

What  Fields  Do  You 
Wont  to  Reach? 


•  B  Rangwi  «o  60  AMPEBES;  D-30OB0O-1200  MilUam 
parw;  04^1240^  Amp«r««.  All  ronq** 
ct  INDIVIDUAL  W'  haavy  duty  bolnlit*  insulated 
Undinq  posts.  *  Extra  larg*  4H”  mstor — 2%  oc- 


oo  25  to  60  cytdas  Unss  by  uss  oi  a  spsdaUy  dsaiqDsd. 
OTsr.stss  cuRsnt  translonnsr.  •  Idoal  ior  ttis  labora¬ 
tory.  productton  Una,  maintenanca  daportmant  and 
ispair  ibop — otelors.  radio  racaiTais  and  transmit- 
lecs.  alactrical  o^iancsa.  rsiriqaratioa.  olr  conA- 
•oolnq.  ate. 

Sariaa  ^■9  QlhiatraladL  in  hordwood  portobW  cosa 
ariih  tool  cooapoitaMiit  and  rsmoTobta  hinqad  coaar. 
Saa  9x10x6.  Nat  Pries . tlftOB 

I  Sariaa  T’-l.  in  opaa  typa  hardwood  portabla  coso. 
imrn  7H  x8H  x4.  Nat  Pries . tl7AS 


Aviation  Industry 
Bus  8C  Transit  Industries 
Business  Executives 
Chemical  Process  Industries 
Civil  Engineering  8C 
Construction 
Coal  Mining 

Electrical  Appliance  Dealers 
Electrical  Contractors 
Electrical  Industry 
Electrical  Wholesalers 
Food  Industries 
Manufacturing  Industries 
Metal  Mining 
Metal  Working  Industries 
Mill  Supply  Distributors 
Power  Engineer. 
Product  Engineers 
Radio  Dealers  dC  Wholesalers 
Radio  Engineer.-. 

Textile  Industries 


ONE  EEL-POWER 


aiod  tba  aaw  Sarias  "J"  ($  raapa  AC . 
Aaiaiafar)  ia  aaa  eonpoet  portabla  aoH. 

^•BACaadSDCyohaqaranqaatoBOOOa^at  1000 
^iduaa/aolL  •  6  DC  euxraot  ronqaa  bom  0  lo  1.2  MA 
I  lo 0-12  AMUSES.  “  1  Intemnllr  pn-iraratl  raalrtmira 
^la&gaa  to  10  MEGOHMS.  •  6  DB  ranqaa  bom  -12  to 
70  DB.  •  8  ow^l  Tonqaa  lo  6000  Toha  bSACAm- 
■aaalar  ranqaa  bom  0^  MA  to  060  AMPERES. 

-An  unaurpoiaod.  coBabmaUoa  portabla  inabumant 
to  aattaiy  tatduabbri  ra<iuir«naniB  for  complata  AC 
^  DC  drcnlt  onalyxia. 

>Bariaa  644-J  OQluabated}  In  hardwood  portabla  coxa 
duol  tool  convartmant  and  ramovabla  hfoqad 
Wteq*  rbmplat*  xriOi  bottariaa  ond  axba  hiqh  volt- 
lifl^laada.  ^Prioa,^  .  .  .CAAOC 


For  further  details,  selections 
from  above  basic  classifica¬ 
tions,  counts,  prices,  etc,,  or  m 
estimates  on  special  lists  .  .  . 
ask  any  representative  ,  or 
write  to 


Writa  lor  tha  naw  "PRECISION"  1941  Catalog 
daacribmg  mora  than  40  taat  aguipmant  modala. 


An  electric  eel  (left  of  center)  at 
the  World's  Fair  exhibit  of  the  New 
York  Zoological  Society  is  used  to 
actuate  a  relay  which  puts  into 
operation  a  telegraph  printer.  A 
perforated  tape  sends  the  message 


.  .  .  Complete  Lists  Covering 
Industry's  Major  Markets 


PRECISION  APPARATUS  COMPANY 
647  Kent  Avenue  Brooklyn,  New  York 

EMport  Div,:  4S8  Broadway,  New  York,  U.  S.  A. 
Cabl9$:  Morhanex 
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balanced  IM'.  Amplifier 
for  A-C  Operation 

A  n-C  AMPLIFIKK  SUITABLK  F(IK  FUK- 
CISION  nu*asuienu*nts  aiul  t)i)i*rati()ii 
from  an  altornatinjr  curront  power  line 
is  described  by  H.  Stair  and  I.  F.  Hand 
iti  the  August  IlUO  issue  of  the  Kr- 
vieir  of  Scientific  I nst rn nientn.  It  was 
orijjinally  designed  for  use  by  the  U.  S. 
Weather  Bureau  in  the  study  of  ultra- 


Diagram  oi  bridge-type  balanced 
amplifier 


vit>let  solar  radiation  and  the  deter¬ 
mination  of  the  amount  and  variation 
of  ozone  in  the  stratosphere.  Other 
enjrincers  may  find  such  an  instrument 
as  this  u.seful  in  their  own  work.  The 
circuit  is  shown  in  the  accompanyititr 
diattram.  To  those  who  wish  to  build 
this  amplifier  it  will  be  well  worth 
whih-  to  refer  to  the  article  nuMitiotied. 

e  e  • 

VOLTACiE 

OSCILLOGRAPH 


This  elaborate  otcillograph  is  used 
for  high  voltage  studies  in  the 
new  laboratories  oi  the  Bureau  oi 
Standards  in  Washington.  Records 
are  made  by  enclosing  a  photo¬ 
graphic  film  in  the  vacuum  and  al¬ 
lowing  the  electron  beam  to  trace 
its  path  directly  on  the  emulsion 


COJLS 

Electrical  Windings 


A  COMPETENT  and  ex¬ 
perienced  organization  de¬ 
voted  to  the  design  and 
manufacture  of  coil  wind¬ 
ings. 

Paper  interlayer  sections — 
form  wound  and  bobbin 
wound  coils. 


Equipped  for  prompt  production  on  quantity  or  small  orders. 


REPRESENTATIVES 


V^.  A.  JORDAN 

295  Madison  Ave.,  New  York,  N.  Y. 

GILBERT  GISLASON 
82  St.  Paul  St.,  Rochester,  N.  Y. 


PARAGON  SALES  CO. 

(C.  H.  Fryburg) 

402  Cherry  St.,  Philadelphia,  Pa. 

A.  J.  LOEB  SALES  CO. 
1836  Euclid  Ave.,  Cleveland,  Ohio 


COMPANY 

Sixteenth  and  Butler  Streets  EASTON,  PENNA. 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 


Write  for  Bulletin  DL48-71  ^E  describing  Raytheon  Stabilizers. 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street,  WALTHAM,  Massachusetts 
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MICROMETER 

FREQUENCY  METER 


.  .  .  a  ban<l-s|ir«‘a<l,  Ar.-4>|ierale<l, 

to  rhi'ck  M‘v«‘ral  lranMniitti'i>,  1.3 

to  36  nir. 

•  K\TI(»-<  OI  ri.KIt  <)S|  IIJ.ATOK:  3I:i- 
ttflify  5  to  10  tiriifs  tliat  of  usual  <‘ir- 
ruitx;  ttrnpfraturv  co»‘lHfU*nt  U*sm  than 
2  t  yflt'M  10'*  ®(*.;  lin»*  vnltaKo  flT»M  t 
1  I  ><•!♦»  ptT  million  f<»r  1  'r  chanKo. 

•  MM  KOMKTKK  i  ONMKVSKK:  ruKi:»Ml 
«  ylituior-aiul  IuIm  < rurt  ion  on 
l♦•l^ula^  mirroim-i.T  losul — !u»  fVins> 
|>la  l*‘H. 

•  I*l{KI'lv|0\  III  \L:  r(itatf.«  ini<  riiin*'t*'r 
h«  a«l.  has  .'►O-turn  rant**  ami  \  »  ojii.r 
<’(»unt*»r.  roaits  to  1o,oim>  (livision**. 

•  run  <>:\T  llK\I\TION  (IK\KS; 

rt*sull.H  roa«lily  oonipait  il  wuh  F» ‘ 
luleiamt'a. 

—  Wrif9  today  for  data  — 

MM  I  A  M  P  K  I  N 

JSS  Laboratories 

BRADENTON  .  .  .  FLORIDA 


Designed  for 
Application 


Outstanding  features  of  the  MILLEN 
transmitting  condensers  include:  rugged 
cast  aluminum  frame,  right  angle  self 
locking  worm  drive,  center  fed  rotors 
and  stators,  heavy  round-edge  pol¬ 
ished  aluminum  plates,  and  genuine 
Isolantite  dielectric.  Available  in  ca¬ 
pacities  of  35,  SO,  and  70  mmfd  per 
section  with  peak  break  down  volt¬ 
age  rating  of  3000. 


CaiaJogue  Upon  Request 


The  Photo€*leetrie  Control 
of  I’aper  Registration 

Whk.n  packages  are  wrapped  with  a 
printed  label  it  is  necessary  that  the 
label  be  in  the  same  relative  position 
on  each  j)acka)re.  In  hitjh  speed  wrap- 
j  pinjr  machinery  this  becomes  a  serious 
I  problem.  Kven  at  low  speed  it  is  diffi- 
I  cult  for  an  operator  to  make  the  ad¬ 
justment  for  retristration  manually. 
However,  it  is  a  fairly  simple  opera-  ! 

I  tion  for  a  photoelectric  rejrister  con- 
I  trol  device.  Such  a  device  is  described 
by  E.  W.  Forster  in  the  Aujrust  1940 
issue  of  KlectrouicH  and  Television  S:  | 
Short-Wave  World.  j 

The  operation  of  the  photoelectric  I 
register  control  is  as  follows:  The 
wrapping;  paper  is  supplied  in  pre¬ 
viously  printed  rolls.  An  opaque  reg¬ 
ister  mark  about  i  x  i  inch  is  printed 
at  a  certain  definite  location  on  each 
label.  .As  the  i)aper  i)asses  into  the 
machine  it  passes  through  a  lijrht  beam 
I  which  is  interrupted  each  time  the  reg¬ 
ister  mark  intercepts  it.  The  paper  con¬ 
tinues  on  to  a  point  where  it  is  cut  by 
a  rotary  cutter  and  into  that  portion  I 
of  the  machine  where  the  actual  wrap-  j 
l)in)r  operation  is  performed.  If  the  ! 
paper  is  in  the  i)roper  position  for  i 
cuttinjr,  nothitnr  happens  as  the  rejr-  i 
ister  mark  passes  through  the  beam.  ' 
If,  however,  it  is  a  little  too  far  alon^ 
the  increase  in  current  throuRh  the  I 
phototube  is  passed  on  to  a  thyratron 
i  relay  which  operates  the  mechanism  ' 
'  to  slow  down  the  paper  slightly.  If  the 
I  paper  is  a  little  too  late  for  correct 
j  cuttinpr,  the  increase  of  current  in  the 
photo  tube  this  time  operates  another 
I  thyratron  relay  which  controls  a 
mechanism  to  increase  the  speed  of 
the  paper. 


Simplified  diagram  of  photoelectric 
register  control 


j  It  is  necessary  in  the  operation  of 
;  such  a  retrister  control  that  in  addi- 
'  tion  to  a  space  chanp:e  to  the  paper 
to  brinp:  it  back  into  register  a  small 
permanent  speed  change  must  also  be 
made.  If  this  were  not  so  it  is  con¬ 
ceivable  that  the  rate  of  continuation 
of  error  may  be  greater  than  the  speed 
at  which  corrections  may  be  made 
since  there  is  a  definite  limit  not  only 
i  to  the  amount  of  space  change  per 
'  correction,  but  also  the  permissible 
i  number  of  corrections  per  minute.  Also 
I  if  a  speed  change  only  is  made,  then 
I  the  machine  will  never  settle  down  to 
a  steady  speed  but  will  hunt.  The 
mechanical  equipment  necessary  to  the 
essential  operation  of  this  device  is 
also  described. 


LESS  Time  to  Repair  Radios . . . 
Means  MORE  Time  to  Build  Business! 


RCA  RIDER 
CHANALYST 


Yesterday’s  servicing  methods  were 
good  enough  .  .  .  for  yesterday.  But  pro¬ 
gressive  servicemen  today  demand  meth¬ 
ods  that  fix  sets  quicker.  They  spend  less 
time  bending  ttver  receivers — more 
time  going  t>ut  after  business . . .  develop¬ 
ing  business-getting  ideas  .  .  .  huilding 
their  business. 

Signal-tracing  with  the  Rider  Chanalysi 
takes  less  time! 

Greatest  advance  in  radio  servicing  in¬ 
struments  since  servicing  began,  the 
RCA  Rider  C'hanalyst  uses  the  newest 
method  of  attack;  the  signal  itself,  com¬ 
mon  to  every  radio.  It’s  an  investment 
worth  investigating!  Ask  your  R('A  Dis¬ 
tributor  for  on-the-circuit  proof  of  the 
Chanalyst’s  effectiveness  by  means  of 
the  Dynamic  Demonstrator. 

'Tine  ’em  up”  Faster,  Easier,  Better! 
NEW  RCA  A.  C.  TEST  OSCILLATOR 
No.  167  ..  .  $34.50  to  servicemen 

★  New,  Accurate,  Easy-Reading  Dial 

★  1  (K)-30,0(K)  KC.  Fundamentals:  6  Rands 

★  Full  1.0  Volt  Maximum  Output 

★  30%,  400-(!ycle  Internal  Modulation 
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Catliode-Kay  Oscillograph 

Used  As  a  Time  Iiidieator 

Time  intervai^  ok  shout  okration 
may  be  measured  with  an  aeeuraey 
well  under  0.1  millisecond  by  the  use 
of  a  standard  oscillonrai)h  with  no 
auxiliary  equipment  other  than  an 
ordinary  still  camera  and  a  few  inex¬ 
pensive  circuit  components.  The  method 
is  described  by  H.  D.  Brailsford  in  the 
June-July  1940  issue  of  DuMont  Oscil- 
loyrapher. 

If  two  sine  voltages  of  identical  fre¬ 
quency  and  amplitude  but  with  a 
phase  difference  of  90  deirrees  are 
applied  to  the  vertical  and  horizontal 
pairs  of  deflection  plates  of  a  cathode- 
ray  tube,  the  spot  orbit  will  be  a 
theoretically  perfect  circle.  The  spot 
will  have  a  uniform  rate  of  rotation 
and  will  make  one  complete  revolution 
for  each  cycle  of  the  deflectinir  volt¬ 
ages.  A  phase-splitting  circuit  is  used 
to  develop  a  circular  pattern.  The  re¬ 
sistance  R  must  be  equal  to  the  reac¬ 
tance  C  at  the  fre(iuency  used.  If  a 
switch  is  inserted  so  as  to  short  cir¬ 
cuit  the  resistance  R  there  is  no  ver¬ 
tical  deflection  of  the  spot  and  it  oscil¬ 
lates  in  a  horizontal  path.  If  the  switch 
is  normally  closed  and  is  opened  dur¬ 
ing  the  time  interval  to  be  measured 
the  resultant  pattern  will  be  a  hori¬ 
zontal  straight  line  i)lus  an  arc  of  a 
circle  which  is  determined  by  the  time 
the  switch  is  opened.  The  time  inter¬ 
val  is  determined  by  the  angle  of  the 
arc  and  the  frequency  of  the  voltages 
used.  If  60-cps  voltages  are  used  the 
spot  will  travel  in  a  complete  circle 
in  1  fiO  of  a  second  and  an  arc  of 
21.60  degrees  corresponds  to  1  milli¬ 
second. 


How  long  should  it  be?  How  far  should  it  mot  e?  How  often  must  it  ftex? 
How  strong?  What  loads?  What  forces  are  required?  These  are  a  few 
of  the  simpler  of  the  hundred  odd  considerations  that  make  a  good  spring 
to  do  your  job  right.  Accurate  choice  makes  a  vital  difference  to  spring 
life — hence  to  the  life  and  satisfactory  performance  of  your  product. 

You’ll  be  safer  if  you  let  us  check  your  spring  designs.  VCe're  specialists. 
We  have  the  equipment.  And  a  regular  Hunter  service  is  test  and  analysis 
of  springs — to  find  exactly  the  one  best  suited  to  do  the  specific  job.  Often 
are  able  to 

predetermine  spring  per- 
formance — fit  the  spring 
to  the  No 

or 

us  freely. 


HUMTER  PRESSED  STEEL  C0.,LRIISD*LE,PA. 


AIRPLANE  TIMER 


RELAYS  ARE  DEPENDABLE 


Weighi  only 
4  ounces. 
AltimiB 
insulation. 


This  photoelectric  timing  device,  in¬ 
vented  by  L.  S.  Wait,  a  test  pilot, 
measures  the  speed  of  planes  by 
timing  the  interval  between  the  in¬ 
terruption  oi  the  light  entering  two 
phototubes.  The  apparatus  is  in¬ 
tended  to  replace  the  older  method 
of  timing  a  flight  over  a  measured 
course  with  a  stopwatch 


#  There's  no  weak  spot  in  a  Kurman 
precision  control  relay.  Every  phase  oi 
construction  is  carefully  checked — chem¬ 
ical  analysis  oi  magnetic  material,  heat 


treating  of  magnet  frame,  coil  winding 
and  assembly— and  finally  before  each 
relay  leaves  the  assembly  line  it  is 
carefully  tested  and  inspected. 


KURMAN  ELECTRIC  CO.,  Isc.,  241  LAFAYETTE  ST.,  NEW  YORK 
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Recent  Improve- 1 
mentsinRecording 

(Confiniird  from  piij/e  ./;>> 

He  then  measured  the  pattern  wuJth  , 
at  each  level,  with  the  results  shown 
in  the  figure.  The  result  seemed  to 
show  input  and  output  c<»mpletely  i 
I)roportional  up  to  an  input  of  ■ 
4  2S  (11).  Unhappily  records  cut  at 
•  Id  (11)  sounded  hopelessly  had.  He 
was  at  his  wits  end  to  find  a  curve  | 
with  which  to  reject  the  cutter.  I 
Penally  we  played  the  record  hack 
into  a  distortion  meter  of  the  hi^h- 
l)ass  filter  type.  The  result,  shown 
in  the  fiy'ure,  speaks  for  itself. 

This  di.screpancy  can  he  accounted 
for  when  it  is  realized  that  the  opti¬ 
cal  pattern  measures  the  peak  ve¬ 
locity — which  occurs  when  the 

groove  cuts  the  zero  axis,  i.e.,  at 
the  point  of  minimum  deflection. 
Therefore,  anythiny^  which  alfects 
the  wave  shape  at  a  point  other  than 
zero  amplitude  will  not  affect  the 
I(attern  width.  Saturated  iron  or  a 
saturated  crystal  of  course  affect  ; 
amplitude  peaks — which  are  at  zero  [ 
velocity.  Summarizinjr  both  points,  j 
the  only  way  of  nirasiirittg  distor-  ' 
tion  is  with  a  meter,  and  even  then 
the  meter  reading'  must  he  viewed 
rather  critically.  I 

There  is  another  type  of  distor-  | 
tion  which  is  destined  to  increase,  I 
unfortunately.  This  is  tracking  dis-  j 
tortion.  Years  a^ro  every  recordist  j 
had  his  own  ideas  on  stylus  shape. 
No  two  makes  of  records  had  the 
same  y»-r()()ve  cross-section.  Never¬ 
theless  there  was  no  trackin>r 
trouble — for  every  pickup  used  steel 
needles,  which  would  >rrind  them¬ 
selves  to  a  ^ood  fit  in  any  groove, 
hater  nearly  everyone  standardized  j 
on  the  87  degree  angle.  Today,  as  j 
I)ermanent  point  pickups  are  becom-  ' 
ing  standard,  fixing  the  87  degree,  ' 
2.1  to  2.3-mil  radius  point,  the  de¬ 
sire  to  try  trick  point  shapes  has  | 
returned.  Nothing  could  be  more 
unfortunate  at  the  moment,  regard-  ! 
le.ss  of  the  merits  of  the  new  shape. 
The  average  station  cannot  afford 
several  pickups  with  various  point  j 
shapes,  and  it  certainly  cannot 
>  hange  points  with  every  record.  It 
is  bad  enough  to  have  five  or  six 
frequency  characteristics  in  use 
without  having  to  worry  about 
;jrroove  shape  too. 
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a  -  e  910  Volume 

a  ll«l  inaicator  d  allied  field* 

«  audio  »eve  recording,  ana 

uator  and  to  the  meter 

ol  *The  'zero  aaiuOment  pfe»'  input 

‘ttot  of  t  0.5  "  5%  ohSrs.  The  refer- 


JM/rf  FOR  CATALOB 


BLLEY 


ELECTRC 


Pa 


MICA 

INSULATOR  CO 


ACCURATE 

MICA  SHAPES 


Electronic  Musical 
Instruments 

A  RATHKR  COMPLKTE  DISCUSSION  of  de¬ 
velopment  of  the  electronic  musical  in¬ 
struments  is  presented  by  G.  T.  Winch 
and  H.  M.  Mid>rley  in  the  Aujrust  1940 
issue  of  Klecfronicn  and  Televixion  A' 
Sfiort-Wa rr  World.  The  three  major 
jrroups  of  such  instiuments,  i.e.,  single- 
note  form,  multi-note  keyboard  percus¬ 
sion  form  and  multi-note  keyboard 
orjran  form  are  discussed  from  their 
early  developments  to  their  i)resent- 
day  desi>rns.  The  advantajres  and  dis¬ 
advantages  of  a  number  of  sijrnal 
sources  are  ^iven.  Such  sources  in¬ 
clude  multiple  oscillator  circuits  and 
the  various  forms  of  rotary  genera¬ 
tors  with  photoelectric,  electrostatic 
and  electroma^metic  pickup.  While 
most  of  the  emphasis  of  the  article  is 
on  the  various  methods  of  producinp: 
the  musical  tones,  the  authors  discuss 
briefly  the  necessary  mixinfr  circuits,  ‘ 
amplifiers  and  loudspeakers.  To  any¬ 
one  interested  in  the  desijrn  and  con-  1 
struction  of  electronic  musical  instru¬ 
ments,  the  time  taken  to  read  this  ; 
article  will  be  w'ell  spent.  j 


Heavy- Water 
Roehelle-Salt  Crystals 


The  Circle  line  oi  relays  it  a  new  addit'on 
to  the  qrowinq  line  oi  Allied  quality  relays. 

Ruqqed,  precision  made,  assembled  on 
moulded  Bakelite  base — has  many  me¬ 
chanical  and  electrical  features  that  assure 
lonq  liie  under  the  most  severe  operating 
conditions. 

Suitable  for  thermal  requlators,  elec¬ 
tronic  devices,  ultra  sensitive  control 
circuits;  in  low  current  supervised  circuits 
such  as  burqlar  and  fire  alarms,  voltaqe 
control  circuits,  keyinq,  tuninq  devices,  e  c. 

Operatinq  characteristics — for  A.C. — at 
low  as  one  mill  at  110  volts,  60  cycles 
with  a  S0°o  drop  out  value:  for  D.C. — 
as  low  as  .012  watts  with  SO^o  drop  out 
value. 

Dimensions — overall  21b  wide;  2^4" 
lonq;  Ps"  high 

Also  manufacturers  of  a  complete  line 
of  relays  lor  all  commun'cation  and  elec¬ 
tronic  uses. 


Write  for  complete  descriptive  literature 
and  prices. 


ALLIED  CONTROL  CO..  INC. 

227  FULTON  STREET  NEW  YORK  CITY 

Export  Orpirtment: 

Pan  Mar  Corp.,  1270  Broadway,  Now  York  City 


EICOR 

DYNAMOTORS 

From  fhe  Smallest  in  Size 
to  the  Largest  in  Output! 

©KnKinvcred  and  built  for  the 
most  e- actinj;  use — specified 
by  enuineers  everywhere  for 
important  Aircraft,  Police. 
Marine  and  Amateur  radio 
installations — fnoted  right  in 
actual  performance!  F.icor 
Dynamotors  assure  the  kind 
of  sm<H>ih.  continuous  trouble-free  service 
that  gives  you  the  utmost  efficiency  and 
dependability.  There  is  an  Kicor  Dvn.i 
motor  for  every  need — from  the  smallest 
in  size  to  the  largest  in  output ! 

Write  Today  for  Complete  Oata. 

SlCKSOkllBlIIO. 

517  S.  Laflin  St..  Chicago.  U.S.A. 

Export:  AD  AURIEMA.  INC.,  lit  Broad  St 
New  York.  N.  Y.  Cable:  Auriema.  N.  Y 


ALLIED  ....  CIRCLE 


FOR  EVERY 
ELECTRONIC  NEED 

Our  Mica  stampings  have  met  the 
exacting  specifications  of  so  many 
tube,  condenser  and  equipment  manu¬ 
facturers  that  we  have  no  hesitancy  in 
inviting  you  to  match  them  against 
your  own  particular  requirements. 

They  are  made  of  the  finest  mica  ob¬ 
tainable  .  .  .  Munsell’s  India  Ruby 
Mica.  Exceptionally  accurate  machin¬ 
ing  is  assured  by  modern  manufactur¬ 
ing  methods  and  our  long  experience 
in  this  type  of  work. 

SEND  FOR  SAMPLES 

Use  the  coupon  below  to  obuin 
further  details,  prices  and  samples — • 
without  obligation. 


MICA  INSULATOR  CO., 

198  VARICK  ST.  NEW  YORK,  N.  Y. 

Sand  me  samples  and  prices  on  Mica  Stampings 

Name  . 

Company  . 

Address .  E.  9-40 


Thousands  of  boys,  recruited  at  the 
age  of  fifteen  and  one-half  years 
ore  given  o  three  years'  appren¬ 
ticeship  course  by  the  Royal  Air 
Force  before  beginning  intensive 
flight  training 


There  apf>ears  in  the  .August  1940 
issue  of  the  Itell  lAihoraforiett  Record, 
a  short  article  discussing  Rochelle 
salt  crystals  made  with  heavy  water. 
It  is  stated  that  the  limitation  of  the 
use  of  ordinary  Rochelle  salt  crystals 
is  the  fact  that  there  is  a  rapid  loss 
of  the  piezo-electric  properties  above 
75  degrees  E'.  It  was  found  that  if  the 
Rochelle  salt  crystals  were  made  with 
heavy  water  instead  of  with  ordinary 
water,  the  piezo-electric  properties 
w’ould  be  retained  up  to  95  degrees  F. 
The  use  of  these  crystals  will  undoubt¬ 
edly  become  more  widespread  with 
this  extension  in  the  useful  tempera¬ 
ture  range. 

R.A.F.  APPRENTICES 
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If  a  new  permanent-point  pickup 
just  doesn’t  sound  ri^ht,  quite  likely 
trackin^i  trouble  is  the  cause.  The 
jewel  point  must  be  lined  up  prop¬ 
erly  with  the  groove.  It  is  wi.se, 
therefore,  to  follow  minutely  the 
manufacturer’s  directions  for  posi¬ 
tioning,  otherwise  the  result  may  be 
disappointing  and  the  cause  dith- 
cult  to  find. 

Recently  the  writer  received  an 
urgent  call  from  a  station  reporting 
that  audition  records  of  the  instan¬ 
taneous  variety  were  not  standing 
up  for  much  over  six  to  ten  play¬ 
ings,  when  they  had  had  almost  in¬ 
definite  life  in  the  past.  It  was 
found  that  the  turntables  were  u.sed 
for  ordinary  shellac  pressinjrs, 
vinylite  pressinjrs,  and  acetate. 
Steady  service  had  chipped  otf  min¬ 
ute  bits  on  the  permanent-point 
needle  tip,  leaving  micro.scopic 
chisel  points.  Shellacs  were  hard 
enough  to  withstand  such  treatment. 
Transcrii)tions  were  played  a  few 
times  and  had  no  chance  to  wear. 
Acetate  audition  records,  played 
often,  ^ot  the  blame.  There  was 
only  one  remedy;  a  pair  of  new 
diamond  points.  This  should  serve 
as  a  warninjr  that  “permanent”  is  a 
misnomer.  Even  the  diami)nd  will 
wear  at  two  ounces  pressure.  Worse 
than  that  is  the  impact  of  dropping 
on  a  hard  pressiiijr,  for  jewels  are 
brittle. 

In  a  previous  article  the  writer 
commented  on  consumer  pressure 
for  softer,  more  foolproof  and  there¬ 
fore  inferior  instantaneous  blank 
coatinjrs.  Pressure  of  this  sort  has 
abated  somewhat  as  dealers  have 
learned  to  diajrno.se  and  cure  con- 
j  sumer  troubles.  Another  type  of 
I  pressure  toward  the  same  end  has 
;  arisen  lately.  Realizin'.?  that  any 
I  type  of  coatinjr  f regardless  of  f(*r- 
!  mula)  can  be  .softened  and  made 
1  quieter  by  addition  of  a  hijrher  per¬ 
centage  of  plasticizers,  a  number  of 
I  broadcasters  have  requested  such  a 
i  .soft  coating.  This  is  not  a  move 
I  for  better  results.  If  the  record  is  to 
I  be  an  audition  or  artist’s  record,  ex- 
;  ceptionally  low  initial  noise  level  is 
of  little  importance  compared  to  the 
rapid  rise  of  scratch  due  to  low 
I  durability.  Some  soft  records  have 
!  lasted  for  only  four  to  eight  play¬ 
ings,  If  the  record  is  to  be  proc¬ 
essed,  the  lower  noise  is  completel\ 
submerged  by  processing,  wherea.' 
the  reduced  high  frequency  responst 
(inevitable  in  a  softer  coating)  will 


I  HE  Stratolincr — one  of  the 
new,  giant  Boeing  "307'$"  recently  delivered  to  T  W  A — 
is  equipped  throughout  with  CANNON  PLUGS  (Cable 
Connectors).  They  are  "tops"  in  the  fields  of  Sound, 
Aircraft  Service,  Geophysical  Research,  Instrument-Con¬ 
trol  on  Ships  and  Laboratory  Panels. 

\  CANNON  ELECTRIC  DEVELOPMENT  CO. 

/  -  \  420  West  Avenue  33.  Lot  Angeles.  California 

(  \  Eastern  Salet0fflce:220  Fifth  Aye.,  New  York.  N.  Y. 


WmMANeNT  MAGNETS 


ALL  SHAPES  —  ALL  SIZES 
\  FOR  ALL  PURPOSES 

\  Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
A  sten.  Cobalt  and  ALNICO**  (cast  or  sin- 
tered)  under  S.  E.  license. 

y  THOMAS  &  SKINNER 

^  STEEL  PRODUCTS  COMPANY 

IMS  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 

YEARS  EXPERIENCE^= 


AUDIO  SIGNAL  GENERATORS 


A  new  instrument  providing 
HH  -  '  '  standardiied  audio  fre- 

ml  /  ,  *  5  Watt  output  from  20-20,000  cps 

S  •  Distortion  less  than  1% 

H  •  Universal  Impedance  Output 

4||||i|^  i _  iSw  ^  Available  with  separate  in< 

put  meter  for  gain  meat* 

“  '  *  The  MODEL  205  AG 

Write  for  complete  information  about  these  and  other  instruments. 

fLETT-PACKARD  CO. 
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The  kind  of  performance 


Tod'O  ^tonaord'^ 

''''“  4  bWU'/.  A  \U 

***'  nVv— 


inch 

line 


414  SERIES 

•  AC  icaUs  prac¬ 
tically  linaar,  coin, 
cidinq  with  DC,  tlim- 
inata  contusion  of 

additional  AC 
scala. 

a  FUSED  4', 2 

matar,  supply 
doubla  fused. 

•  2,000  ohms  par  volt 
sensitivity;  accurate 
within  2%- 

a  Low  ohrr  scala  2 
ohms  at  canter  Self- 
contained  ohmmatar 
power  supply. 

•  DC  volts  0  5  50 
2S0  2S00  SOOO.  A  C 
volts  0  10  100  SOO 
1000  5000.  DC  mils 
0  10  SO/250/1000,  DC 
amp  0  15  25;  Ca¬ 
pacity  Mfd.  0  .03 
.3  3  30  300,  Low 
ohms  0-100;  Ohms  0- 
15,000  150,000  Mag 
ohms  0-1.5  15. 

Opan  face  bench 
type  furnished  in 
sturdy  hard- 
wood  case 
Nat. 


$21.95 


Modal  4I4P  (‘•uiiliiiiatlon 
iv.ilalrir  Imih  Ii  t\|»- 

.Ni  t  $24.S0 

Modal  414  Sariat  V7  — 
Imrtr  7'<"  lakrlllc  [inter 
Net.  $29. M 

Modal  414  Sarii-s  V9  [same 
a-  \  7.  exre|i|  meter  li' 
["IiihIp.  Net . U2.9$ 

Modal  414  Srriat  RP7  — 
Similar  to  Vl‘7  exeept  liorl 
roiital.  Net . $29.2$ 

Modal  414  Sorias  RP9  — 

ililentlral  In  111’7  aieept 
meter  9"  roiinil).  Net. $32. 9$ 


MASTER  ANALYST 


MODEL  504C 


A  super  flaiibla 
circuit  selector, 
fraa  point,  free 
rafaranca  unit  for 
plug  in  socket 
anaTysis  of  voltage 
and  currant  resist¬ 
ance  capacity 
measure- 
mants.  Completely 
push  -  button  op¬ 
erated,  this  ana- 

lyier  unit  combines  every  advantage  of  both 
rotary  and  button  switches,  thus  is  more 
useful,  efficient,  foolproof,  speedy  and  con¬ 
venient  than  average  instrument,  $15.45 


CATALOe  No.  124  rrihhig  in 

tielail  these  and  other  instruments  in 
RC  P's  complete  line  of  dependable 
test  etfuipment  free  on  request.  It  "rite 
today. 


seriou.sly  injure  the  record  quality. 

A  .soft  and  re.silient  coatinjir  may  be 
seriou.sly  down  in  frequency  re¬ 
sponse  ( both  in  the  original  and  in 
a  pressing)  even  at  5000  cps  which 
compare  poorly  with  ordinary  75- 
cent  black-label  pressinjrs,  many  of 
which  are  now  produced  with  fre- 
(piency  re.spon.se  flat  to  8000  or  10,- 
000  cps. 

Operation  of  a 

Self-Excited 

Inverter 

(Ci)nt iuiH’d  from  imyr  .tu) 

up  and  then  both  would  rise  to  nor¬ 
mal  values.  In  an  attempt  to  show 
this  etfect,  a  circuit  was  arranjrt^d  to 
add  and  subtract  an  increment  of 
load  rapidly.  The  results  are  shown 
in  the  o.scillojrrams  of  Fig.  10,  where 
A  is  with  a  non-inductive  addition, 

H  with  an  inductive  addition,  and  (' 
with  a  capacitative  addition  to  the 
ba.se  load. 

As  will  be  realized  from  a  study  of 
these  tests,  the  regulation  of  this 
inverter  is  jioor.  This  is  not  a  fault 
of  this  inverter  alone,  but  is  char¬ 
acteristic  of  almost  all  inverters  up 
to  the  present  time  and  is  one  of  the 
reasons  why  practical  applications 
of  this  type  of  apparatus  have  not 
been  more  numerous.  This  poor 
regulation  reciuires  some  means  of 
adjusting  the  direct  current  input 
;  voltage  and  usually  reipiires  .some 
power-consuming  device  in  this  cir- 
,  cuit  unle.ss  the  inverter  is  operated 
directly  from  a  d-c  generator  whose 
field  may  be  adjusted,  or  from  a 
grid-controlled  rectifier. 

Practical  applications  of  this  par¬ 
ticular  type  of  inverter  are  hard  to 
foresee  although  it  has  been  used  in 
one  type  of  electronic  instrument, 
j  It  might  be  of  use  in  the  laboratoi-y  ■ 

I  where  a  small  power  .source  of  widely 
I  variable  frequency  is  desired.  In- 
I  verters  are  in  their  infancy  and  much 
remains  to  be  done  before  they  can  | 
be  widely  applied;  yet  they  are  of 
great  interest  and  further  work  will 
in  all  probability  bring  forth  im¬ 
provements  which  should  make  them 
of  greater  practical  value. 

I 
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There’s  a  surprise  in  store  for  the  Broad¬ 
cast  Hnj;ineer  who  hasn't  yet  tried  the  new 
Shure  "555”  Cardioid  Dynamic  Microphone. 
The  Cardii>id  is  ideal  for  studio  work — 
and  essential  when  you  take  a  microphone 
out  of  the  studio  for  remote  pickup  where 
background  noise,  rmim  reflection  and  re¬ 
verberation  are  hig  problems.  The  "555” 
solves  these  problems  easily  and  effectively 
— all  this  at  surprisingly  low  cost  made 
ptissible  by  the  exclusive  Shure  Uniphase 
principle.  That’s  whv  broadcast  stations 
now  are  rapidly  replacing  present  equip¬ 
ment  with  the  "555”  for  remote  as  well 
as  studio  use.  Available  in  35-50  and 
2(K)-25()  ohm  models,  also  high  impedance. 
List  price  (subject  to  usual  trade  discount) 
onl'  S60. 

30  Day  Free  Trial  to  broadcast  sta¬ 
tions  and  recording  studios.  Test  it.  No 
obligation.  Send  for  it  now — or  write  for 
Bulletin  165M. 


Shure  Patents  .AlloueJ. 


SHURE  BROTHERS 

225  W.  Huron  St.,  Chicago,  U.  5.  4. 
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THE  INDUSTRY  IN  REVIEW 


Literature 


House  Organ.  “Instruments  in  Indus¬ 
try”  is  the  title  of  a  publication  de¬ 
voted  to  extending  the  benefits  of  elec¬ 
tric  instruments.  It  is  published  by  the 
Meter  Division,  General  Electric  Co.. 
Schenectady,  N.  Y.  Some  of  the  articles 
contained  in  V’olume  2,  No.  1.  are; 
“The  Radiation-type  Vacuum  Thermo¬ 
couple,”  “New  Pointer-stop  Ammeter 
Measures  Resistance-Welder  Current,” 
“New  Inkless  Recorder  Proving  Popu¬ 
lar,”  etc. 

Resistance  Standards.  Bulletin  No.  81(i 
describes  and  illustrates  resistance 
standards  No.  798.  799,  800,  891.  802. 
and  810.  Also  described  in  the  bulletin 
are  megohm  decade  resistance  boxes 
and  heavy  duty  decade  boxes,  avail¬ 
able  from  Shallcross  .Mfg.  Co.,  Colling- 
dale.  Pa. 

Frequency  Modulation.  Supplement  No. 
9  to  the  3rd  edition  of  the  Mallory- 
Yaxley  Radio  Service  Encyclopedia  is 
devoted  to  the  subject  of  f-m  receivers. 
Contained  in  this  Supplement  are 
schematic  drawings,  illustrations,  and 
descriptions  of  receivers  manufactured 
by  General  Electric  Co.,  Stromberg 
Carlson  Telephone  Mfg.  Co.,  and 
Browning  Laboratories,  Inc. 

1941  .Master  Catalog.  Number  82,  Mas¬ 
ter  1941  catalog,  contains  196  pages  of 
information  regarding  radio  equip¬ 
ment  available  from  Lafayette  Radio 
Corp.,  100  Sixth  Ave.,  New  York  City. 

Whiteprint  Machine.  Bulletin  187  tells 
about  a  new  Model  F  fast-printing 
whiteprint  machine  available  from 
Ozalid  Corp.,  .Johnson  City,  N.  Y. 
Model  F  is  a  compact  printer-devel¬ 
oper  combination  for  reproducing 
engineering  drawings,  letters,  charts, 
diagrams,  etc. 

Dynamic  Receiver  Analysis.  “Servicing 
by  Signal  Substitution”  presents  a  sim¬ 
plified  method  of  dynamic  receiver 
analysis  illustrating  the  extended 
applications  of  basic  test  equipment 
to  the  solution  of  daily  service  prob¬ 
lems  using  only  the  tube  tester,  multi¬ 
range  meter,  and  signal  generator.  It 
is  available  for  S.'ic  from  Precision 
Apparatus  Co.,  647  Kent  Ave.,  Brook¬ 
lyn,  N.  Y. 

Laboratory  Test  Equipment.  This  cat¬ 
alog  presents  technical  information  on 
the  various  standaid  resistors,  atten¬ 
uators  and  measuring  equipment  man¬ 
ufactured  by  The  Daven  Co.,  Newark, 
N.  J.,  for  use  in  the  communications 
field.  It  is  well  bound  and  indexed. 


Neoprene.  The  Rubber  Chemicals  Div., 
of  E.  1.  Du  Pont  de  Nemours  &  Co.. 
Wilmington.  Del.,  publish  “The  Neo¬ 
prene  Notebook”  which  is  intended  to 
give  facts  about  Neoprene  for  tbe 
engineer. 

Type  H(i  .>0  Kw  Transmitters.  .\  2.^- 
page  illustrated  Imoklet  (No.  B-2248) 
describing  the  new  air-cooled  type  IIG 
.^0  kw  broadcast  transmitters  has  been 
published  by  Westingbouse  Elec.  & 
.Mfg.  Co..  E.  Pittsburgh.  Pa. 

Khe<»stats  Resistt>rs.  Ta|)  S’.vitches. 
('atalog  No.  40  of  Ohmite  .Mfg.  Co.. 
(483.5  Flouiney  St.,  Chicago),  has  been 
designed  f('r  utmost  convenience  and  as 
a  handy  reference  for  all  resistance 
appl  catic  ns.  It  is  beautifully  b  nind 
and  indexed  and  contains  a  wealth 
of  data,  dimension  drawings  and  help¬ 
ful  engineering  information. 

New  Products - 

Flashlight  Biilh  Kxteiisif>ii 

For  use  when  wiring  or  other  impedi¬ 
ments  prevent  location  of  a  light  or 
rtashlight  at  the  point  where  illumina¬ 
tion  is  nt>eded.  Sierra  .Aircraft  Co.. 
Sierra  Madre.  Cal.,  have  developed  a 
novel  flashlight  bulb  extension  which 
extends  the  light  through  any  maze  of 
wires,  etc.  .Made  in  lengths  from  6 
to  36  ins.  the  extension  has  a  plug 
which  will  screw  into  any  flashlight 
with  the  bulb  in  the  opposite  socket. 
It  is  bendable,  and  can  be  made  into  a 
hook  shape  or  can  be  fashioned  into  its 
own  stand  and  set  in  position  so  that 
l»oth  hands  are  free  to  work. 


Sliorl-wave  Traiisniilt«*r 

llallberg’s  Synchrotone,  Inc.,  527  .Madi¬ 
son  .Ave..  New  York  City  have  made 
improvements  in  their  "Synchrottme” 
short-wave  transmitter  for  research. 
Frequency  is  continuously-adjustable 
between  65  and  120  Me;  output  is  up 
to  25  watts.  It  can  be  used  for  therapy 
as  well  as  for  laboratory  investigations 
of  effects  of  various  frequencies  and 
various  energit's  on  every  type  of  or¬ 
ganic  substance  or  inorganic  material. 

Kroa<l<‘a!«t  Tiilir 

.A  new  broadcast  tube  known  as  GL- 
266-B  has  been  announced  by  General 
Electric  Co.,  Schenectady,  N.  It  is 
a  high-power,  high-vt)ltage,  mercury- 
vapor  rectifier,  structurally  similar  to 
the  GL-857-B  and  completely  inter¬ 
changeable  with  other  2*>6-B's.  The  new 
tube  is  forced-air-cooled,  and  has  a 
shielded-filament  cathode  operating  at 
5  volts  and  30  amps,  with  a  heating 
time  of  one  minute.  The  peak  inver.se 
anode  voltage  is  22.000  vo;^s,  with  an 
average  anode  current  rating  of  10 
amps  and  an  instantaneous  current  Jilt¬ 
ing  of  40  amps. 

Wire'  WuiiikI  R«*!*islors 

.A  complete  line  of  non-inductive  power 
wire-wouml  resistors,  from  10  to  200 
watts  and  with  any  type  of  mounting, 
has  been  announced  by  the  Interna¬ 
tional  Resistance  Co.,  401  N.  Broad 
.St.,  Philadelphia,  Pa.  These  units 
utilize  the  Ayiton-Perry  type  of  wind¬ 
ing  which  assuj-es  full  wattage. 


A  lineup  oi  1-kw  i-m  transmitters  in  various  stages 
oi  completion  in  the  G.E.  Radio  Dept.,  Schenectady 
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)  TURNSTILE 


FM  operation! 


spc^ciallv 


rt‘;iflv  l4»  iir4»\in€*  thi^  iiroveii  antenna. 


(fttr  ill^lallatioll)  either  nn  yttur  building  or  on 
^e  W4»uld  like  to  send  you 


yanir  siipnairting  latMa'rs 


xiraaardinary  antennas  anal 


diatiit  tha'sa 


infaarinatiatn 


aiiiippeal  ta>  furnish  ratniplete  turnstile< 
eatni prising  tha>  a'ssa'iitial  tubular  steel  mounting  pola> 


ha»H  \»e  sire 


insiilatairs.  aairav 


Complete  Technical  Data  on  Request 


Our  a-ngineering  staff  will  be  pleased  ta>  as 


I  vaiu.  withauit  aibligation,  in  tha*  develop 


nia-nt  aif  yaiiir  FM  plans.  Inquiries  should 
inalia'site  planna'al  fraMfuency,  number  of 
turnstile  hays  ala^ira'al,  looatiam  and  height 


of  building  atr  suppatrting  tatwer, 


JOHN  E.  LINGO  &  SON.  Inc. 


Dept.  E-9 


CAMDEN,  N.  J 


Lingai  has  sa*t  a  new  part*  in  the  FM  field.  The  Turnstile 
\nta‘nna  ale\elopa*al  anal  ta*sted  by  IJngo  has  bet*n  proven 
by  years  a>f  a“xpa*ria*nre  anal  tests  as  ideal  fair  FM  trans- 
missiaui.  Naiw,  wha'ii  yam  are  ready  .  .  .  Lingo  will  be 
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steel  alloy  retains  the  cutting  edge 
for  a  long  time.  Diamond-dust  polish¬ 
ing  affords  a  smooth,  more  perfect  cut¬ 
ting  edge.  Insulting  in  a  ajuiet,  shiny 
groove.  Kach  style  of  Recoton  needles 
have  a  flat  on  the  shank,  making  it  im¬ 
possible  to  insert  them  at  a  wrong 
angle. 


at  a  maximum  aif  1000  volts,  by 
means  of  six  decade  switches  on  the 
sloping  front  panel.  Kach  decade  will 
dissipate  up  to  225  watts,  since  only 
(lrt*enohms  ( cement-coataal  wire- 
wound  power  resistors)  are  used  for 
the  resistance  elements,  together  with 
gla.ss-insulata*d  wire  for  connections. 
The  maximum  current  per  decade  is 
as  follows:  No.  1,  5  amp;  No.  2.  1.5 
amp;  No.  11,  .5  amp;  No.  1.  .15  amp; 
No.  5,  .05  amp;  No.  0.  .005  amp. 


offer  you  proven  performance 


Uniti'il  Transformer  t'orp.,  (150 
V’arick  St.,  New  York  City)  announces 
that  design  changi‘S  have  been  made 
in  the  UTC  Varitran  units  to  enhance 
their  ruggi*dm‘ss  and  reliability.  In 
addition  to  glass  insulated  wire 
throughout  all  sizes,  multiple  contact 
units  now  employ  ballast  coils  to  as¬ 
sure  uniform  contact  loading.  The 
Varitran  units  are  available  for  115  or 
2:10  volts  service  with  ra*spective  out¬ 
put  voltages  of  0-130  and  0-200  volts.  ' 
.Smooth  non-inteirupted  control  is  i 
a'ffected  in  all  sizes  from  the  2  amp 
model  V-0  to  the  44  amp  model  V-7.  1 


Stt*el  cutting  ru*edles  available  from 
Recoton  ('orp.,  178  Prince  St.,  New 
York  City,  have  Imen  designed  to  keep 
their  shape,  stiff  tool  metal  being  used 
to  obtain  hardness.  Spa'cial  Swt'dish 


Varifraii  liiiils 


INiwer  Kc'^istor  Derade  Box 

A  power  resistor  decade  baix  capable 
of  handling  high  power  so  that  it  can 
be  insert(*d  in  actual  circuits  to  sim¬ 
ulate  working  conditions,  is  announced 
by  Clarostat  .Mfg.  (^i.,  Inc.,  285  N. 
fith  St.,  Brooklyn,  N.  Y.  This  hox 
simplifies  and  expedites  the  .sela*ction 
of  corrt*ct  resistance  values  for  any 
circuit  or  condition.  It  is  intendi‘d 
primarily  for  laboratory  use.  for  cali¬ 
bration  of  meters,  and  for  development 
work  generally.  It  covers  a  resistance 
range  of  from  1  ohm  to  b'Jb.'JlPJ  ohms 


CONNECTORS  for 

HIGH  FREQUENCY  TRANSMISSION  LINES 

'  for  AIRCRAFT,  MOBILE  and  STATIONARY  INSTALLATIONS 

Lock  nut  type — Gas  teal  and  Electrical  connections  made  simultaneously — Friction 
and  constriction  contact  for  center  conductor — Safety  outer  conductor  friction  collar 
contact  between  connectors — Both  contacts  securely  made  even  if  lock  nut  loosens — 
May  be  used  on  qas  filled  or  normal  Transmission  Lines — Made  from  Aluminum  Alloy 
(17  ST) — Heavy  Phosphorous  Bronze  contacts— XXX  Bakelite  used — Will  meet  require¬ 
ments  of  Commerical  Airlines  and  competent  gov't  agencies. 


Available  in  various  sizes  to  accomodate  *2"  ^4  and  lines — Obtainable  in 

several  types  and  models  to  meet  special  application. 

Write  for  Bulletin  "C"  describing  full  line. 

SELECTAR  MFG.  CORP.,  30  W  15th  St.,  New  York,  N.  Y. 


NGO.:^^ 


-Mii-SMilch  I 

A  self-lubricating  roller  on  a  spririfi:  : 
leaf  adapts  the  new  Mu-Switch  to  hi^rh 
speed  cam  operation,  announces  Mu- 
Switch  Corp.,  Canton,  Mass.  The  new 
type  \V  spring  leaf  and  roller  actuator 
comprise.s  a  stron^r  phosphor  bronze- 
leaf  spring  securely  riveted  at  one 
end  to  the  Mu-Switch  cover  and  hav¬ 
ing;  at  its  free  end  a  U-bracket  which 
holds  a  8  inch  x  J  inch  true-runnin^r 
roller  made  of  jrraphite-impre^rnated,  ' 
canvas-base  bakelite.  The  self-lubri-  ' 
eating  properties  of  the  roller  permit  ; 
extremely  close  bearing  tolerance  with 
resulting  accuracy  of  cam-controlled 
action.  Quiet  operation  and  freedom  | 
from  wear  or  scoring  of  the  operating 
cam  are  added  advantages. 


Oscillutor  an<l  GeiierutorH 


Several  new  products  are  available  ; 
from  Hewlett-Packard  Co.,  Palo  Alto,  I 
('al.  The  first  is  Model  205-.\  audio  I 
signal  generator.  It  includes  a  re¬ 
sistance  tuned  oscillator  to  provide  fre¬ 
quency  stability,  purity  of  waveform 
and  flexibility  of  control.  The  output  : 
voltage  is  adjusted  to  a  known  level  by  ! 
means  of  a  110  db  calibrated  attenua¬ 
tor  and  an  output  voltmeter,  both  of 
which  are  built  into  the  instrument. 
Specifications  are;  Freciuency  range. 
20  to  20,000  cps;  the  output  voltage 
constant  within  1  db  from  20  to  15,000 
cps;  distortion  is  less  than  0.02  per 
cent  of  output  voltage;  hum  voltage  is 
less  than  2  per  cent  of  output  voltage.  , 
This  instrument  is  available  either  in  ' 
relay  rack  or  cabinet  mounting. 

Model  210-.\  scjuare  wave  generator 
(useful  in  both  production  testing  and  i 
development  work )  was  designed  to  j 
provide  a  new  approach  to  the  problem  ■ 
of  measuring  the  characteristics  of  a-f  ' 
equipment.  Only  one  or  two  observa¬ 
tions  are  necessary  to  check  the  fre¬ 
quency  response  of  apparatus.  The  | 
output  of  the  generator  is  square 
within  1  per  cent  over  the  frequency  j 
range  from  20  to  10,000  cps.  The  | 
time  for  the  voltage  to  rise  to  00  per  ; 
cent  of  maximum  is  approximately  1  | 
microsecond,  thus  a  reasonably  square  j 


wave  can  be  obtained  even  at  100 
kc.  The  output  voltage  is  50  volts 
I’cak  to  peak,  across  an  open  circuit. 

Model  200-C  resistance-tuned  oscil-  ; 
lator  is  a  wide  range  instrument  w’hich 
provides  a  frequency  source  from  20 
ci)s  to  200  kc.  This  oscillator  is  suit¬ 
able  for  work  in  the  supersonic  region, 
for  carrier  current  w’ork,  and  for 
other  applications  where  a  wide  fre¬ 
quency  range  is  necessary. 
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•At 

Western  Electric  Co.,  Inc. 
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A  .>1  K  II  I  V  A  A'  M  I  V  1C  O  l»  II  O  A  E  V  O  .SI  V\ A'  Y.  I  A'  I*. 

1915  S  Wettorn  Avenue  iuhitin  n«  se  Lqj  Angeles,  Cdlifornid 


VOLTAGE  REGULATION 


No  laboratory  is  complete  without  a  means 
of  stepless  voltage  control  such  os  provided 
by  the  Acme  Voltrol.  Manually  operated, 
the  Acme  Voltrol  provides  for  stepless  regu¬ 
lation  of  A.  C.  voltage  from  0  to  135  volts. 
For  production  line  testing  this  unit  has  no 
comparison.  Put  voltage  control  on  all  test 
boords  and  discover  the  performance  char¬ 
acteristics  of  your  product  under  all  voltage 
conditions.  The  NEW  Voltrol  is  lower  priced 
than  ever. 

Inquiries  invited  from  manufacturers  who 
use  small,  special  characteristic  transform¬ 
ers  in  quantity. 


THE  ACME  ELECTRIC  &  MFC.  CO. 
31  Water  Street  e  Cuba,  New  York 


TRANSFORMERS 


made  only  by 
WILBUR  B.  DRIVER  CO. 


9 


NEWARK,  NEW  JERSEY 
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POWER 

RHEOSTAT 


MAM  KAI  Tl  HIM,  Ml. 

^K.**  .\<>rlli  Sixlli 

ii.  X.  1  . 


;<i>Rosui: 


Gla8»$  Working  Lathe 

The  Eislcr  Enjrinet*rinR  Co.,  710  South 
13th  St.,  Newark,  N.  J.,  has  developed 
a  horizontal  butt  sealinjr  and  >?eneral 
jrlass  working;  lathe  No.  103-XB.  This 
type  of  machine  is  employed  exten¬ 
sively  for  the  production  of  larjre  elec¬ 
tronic  tubes  where  metal  and  t;lass 
have  to  be  sealed  to>;ether  and  various 
other  cylindrical  >rlass  work  can  be 
performed.  The  machine  will  take 
tubinjr  up  to  0  ins  in  diameter  and  can 
be  supplied  for  lar^rer  sizes.  Many 
other  operations  can  be  performe<l  on 
this  machine. 


Noise  Filters 

A  complete  line  of  noise  filters,  scien¬ 
tifically  constructed  by  P.  R.  Mallory  & 
Co.,  (Indianapolis,  Ind.),  to  combat  the 
particular  type  of  man-made  interfer¬ 
ence  for  which  each  is  recommended, 
has  been  introduced.  Heavy  duty 
filters  in  standard  cut-out  boxes,  for 
use  with  equipment  that  is  perma- 


.Mol(h‘<l  Ty|M‘  Resistor 

Erie  Resistor  Corporation,  Erie,  Pa., 
announces  a  new  molded  type  resistor 
desitrned  to  carry  i  watt  load  at  10  ('. 
indefinitely.  Desijrnated  as  Type  523, 
this  unit  measures  i  ins  lonjr  x  .113 
ins  in  diameter.  IJ  inch  wire  leads  are 
parallel  to  the  axis  of  the  body.  This 
wire  has  a  specially  developed  alloy 
coated  surface  that  resists  oxidation 
and  retains  its  jrood  solderinj;  charac¬ 
teristics  for  a  lon>r  period  of  time. 

These  units  will  safely  carry  100 
per  cent  overload  with  less  than  5  per 
cent  chancre  in  resistance  value  after 
100  hours.  Voltajre  coefficient  is  low; 
a  1,000  ohm  unit  will  drop  less  than 
0.0002  per  cent  per  volt,  a  1  megohm 
resistor  will  droj)  less  than  0.02  per 
volt.  .At  IK)  per  cent  relative  humidity 
and  40  C  for  1,000  hours,  the  Type 
523  Erie  Resistor  will  increase  in  re¬ 
sistance  approximately  10  per  cent. 


nently  connected  to  the  power  line  or 
which  draws  a  minimum  of  10  amps 
or  more,  are  included.  Type  ZAl  is  a 
capacity  and  inductance  combination 
usinj;  house  wirinfr  as  an  antenna. 
Field-tested  recommendations  in  tech¬ 
nical  data  folder  NF-100  tell  the 
correct  type  and  size  of  Mallory  filter 
to  install  to  overcome  a  driven  char¬ 
acter  and  intensity  of  interference. 


25-watt  unit, 
rear  view, 
shown  aC' 


For  years  Clarostat  engineers  have 
sought  a  better  power  rheostat.  They  ex¬ 
amined,  tested,  compared,  all  types.  Hun¬ 
dreds  of  models  were  built.  The  end  result 
is  this  entirely  different  Clarostat  Power 
Rheostat.  Note  these  features: 


.\iiiiiieler 

Model  070  a-c  ammeter  is  one  of  a  new 
series  of  matched  instruments  avail¬ 
able  from  The  Triplett  Electrical  In¬ 
strument  Co.,  (Bluffton,  Ohio),  in 


★  featuring 


ilor  Analyzer 


Selected  resistance  wire  on  insulated 
aluminum  core,  imbedded  in  cold-set¬ 
ting  inorganic  cement.  Maximum  heat 
conduction  and  radiation.  No  corrosion 
of  wire.  No  weakening  of  wire  through 
production  heat-treatment. 


“Exam-eter.”  developed  by  Solar  .Mf>r. 
Cotp.,  Bayonne.  N.  J.,  is  a  complete 
capacitor  analyzer.  It  measures  con¬ 
densers  both  in  and  out  of  circuit, 
power  factor;  tests  for  shorts,  opens, 
and  hiirh  r-f  impedance;  acts  as  a 
capacity  and  resistance  bridge,  a 
mejrohm  meter  and  a  milliammeter; 
and  as  a  d-c  and  a-c  vacuum  tube 
voltmeter. 


Tripod-type  rotor  with  helical  spring. 
Smooth,  easy.  non-binding  rotation, 
always. 


«c 

*'Wt»£S 

I 

••••  •9*— 


Graphite-copper  contact  shoe  rides  third- 
rail  ring  and  winding,  with  positive, 
velvety  contact. 


Heavy  brass  third-rail  contact  ring 
which  also  serves  as  bearing  rail  for 
tripod  rotor. 


single  units  or  in  combination  to 
answer  every  servicing  or  electrical 
analyzing  problem.  This  particular 
model  has  a  self-contained  current 
transformer  permitting  measurements 
on  ranges  of  0-1,  0-^.5,  0-5,  1-10,  and 
0-25  a-c  amps,  60  cps. 


Heat-resistant  ceramic  body  forming 
continuous  heat-conducting  bond  through 
inorganic  cement  with  wire  winding. 
25-watt  rating  even  at  one-third  resist¬ 
ance  setting.  A  brute  for  punishment. 


wwrire  for  engineering  data  on  this 
Clarostat  Power  Rheostat.  Let  us  quote 
you  on  your  requirements.  Submit  any 
resistance,  control  or  resistance-device 
problems  you  may  have. 


Leach  Relay  Company,  Los  Angeles, 
recently  introduced  a  new  r-f  relay, 
especially  designed  for  low  power 
radio  transmitters,  such  as  are  used 
on  aircraft,  police  cars,  etc.  This  new 
relay  has  glazed  No.  196  AlSiMag  in¬ 
sulation,  pure  silver  contacts,  and  heat- 
treated  and  nickel-plated  beryllium 
copper  pole  pieces.  They  are  supplied 
with  third  pole  center,  either  normally- 
open,  normally-closed,  or  double-throw 
and  will  be  supplied  with  cushioned 
top  contacts,  when  specified. 


Roger  M.  Wise,  Chief  Engineer. 
Hygrade  Sylvania  Corp.,  who  de¬ 
livered  a  paper  on  new  and  cur¬ 
rent  tube  design  at  the  Pacific 
Coast  Convention  of  the  I.R.E. 
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Briiiio  (loiiiieotorA  and  Kit§ 

Bruno  “Baby"  connectors  available 
from  Selectar  Mfp:.  Corp.,  :{()  West 
1 5th  St.,  New  York  City,  are  of  the 
lockinjj  type,  desi^rned  to  improve  coji- 
tact  and  minimize  interrupted  circuits. 
These  new  sizes  have  been  especially 
<lesijrned  for  output  or  loud  speaker 
connections,  and  are  e<iuipped  with  i 
inch  2T-thread  to  prevent  accidental 
mixin^r  of  cables  with  micro|)hone  in¬ 
put.  The  manufacturer  states  that 
microphone,  speaker  and  chassis  con¬ 
nection  of  all  types  can  now  be  made 
swiftly  and  infallibly  with  the  help  of 
Bruno  “Baby”  and  the  standard  sizes. 

.Also  available  from  Selectar  Corp. 
is  a  universal  connector  kit  which  con¬ 
sists  of  10  parts  intended  to  save  time 
in  makinjr  speaker,  microphone  and 
chassis  connections,  also  for  splicinir 
and  phone  jack  adjustments. 


Recording  A^snnhly 

This  item  is  restrictisl  to  manufac¬ 
turers  only  for  operation  on  their  own 
motors  and  is  known  as  a  manufac- 
tureis"  type  of  recordinvr  head  and 
arm  assembly.  I'niversjil  .Microphone 
Co.,  Iinrlewood,  Cal.,  are  the  manufac¬ 
turers  producinjr  the  unit.  The  assem¬ 
bly  is  ruirired  and  compact,  non-ciitical 
in  operation  and  is  not  atfected  by 
temperature  or  humidity.  .Adjustable 
iu*edle  pressun-  and  pivot  bearings 
are  some  (»f  the  outstandin^r  features. 
It  cuts  llh  lines  per  inch.  Cuttinir 
head,  arm  and  lead  screws  are  incluiled 
in  the  assembly.  The  weijrht  at  the 
center  collects  threads  at  the  same 
time  it  holds  the  blank  disc  in  position, 
and  operates  as  stop  and  lifter  for  cut- 
tinir  head  at  the  end  of  the  cut. 


IV\  .ViiiplifuM' 

Krwood  Sound  Ktiuipment  Company, 
■J2 1  West  Huron  St..  Chicajro.  Illinois, 
have  announced  Model  212S,  a  new  28 
watt  comldnation  <)  volt-lid  volt  mo- 
t)ile  and  general  I’.A  am|)litier.  This 
amplifier  is  a  self-contained  unit  of 
liortable  construction.  It  has  facili¬ 
ties  for  the  use  of  two  microphones, 
as  well  as  the  built-in  record  playin}r 
mechanism.  Output  impedance  is 
variable  to  accommodate  a  variety  of 
speaker  installations.  Two  cables  are 
furnished  with  the  unit,  one  for  each 
'ype  of  service. 

•Also  available  is  Model  1114  f>-volt- 
1  U(-volt  amplitier  which  is  available 
with  a  built-in  turntable  or  amplitier 
t  hassis  only.  It  has  provision  for  u.se 
"f  one  microphone  and  one  phono- 
iriaph.  and  in  addition  has  a  tone  con¬ 
trol  to  equalize  the  response  charac- 
tori.stics.  It  is  also  equippeil  with  an 
output  transformer  havinj;  impedance 
taps  at  2,  6,  250  and  500  ohms.  Two 
cables  are  also  furnished  with  this 
unit. 


Wanna  Bet . .  ? 


Quicker  than  the  wink  of  a  photo-finish  camera  .  .  .  Controls 
by  Guardian  flash  giant  lite-up  numerals  on  Race-Track  Result 
Boards  as  shown  above. 


A  complicated  and  costly  set-up?  So  they  figured  at  the  start  .  .  . 
but  Guardian  equipment  did  the  job  with  a  single  Type  "S"  Stepping 
Relay  and  a  few  "eilras"  selected  from  Guardian  s  3700  standard  parts 
.  .  .  at  a  price  that  let  the  little  fellows  in. 


No  Gamble  On  Results  ....  Chances  are  .  .  .  99  out  of  100 
.  .  Guardian  Engineering  and  Guardian  Controls  will  do  your  job. 

It  may  look  simple  .  .  tough  ...  or  even  impossible  .  .  .  but  past 
performances  chalk  up  odds  of  a  hundred-to-one  that  Guardian  will 
score"  for  you. 

HERE'S  A  TIP — No  charge  for  competent,  experienced  engineering 
advice  Send  a  print  or  sketch.  Initial  your  letterhead  for  big  new 
Relay  Catalog  now 


RELAYS 

BY 

GUARDIAN 


Type  "S"  Stepper 
and  Control  Unit 


GUARDIAN  ELECTRIC 

1625  W.  Walnut  Street  Chicago,  Illinois 


lOOKATTfK 

MOV£M£Nr- 


—  and  your  choice  will  be 
Simpson  Panel  Instruments 


^A/eur 

HIGH-SENSITIVITY 
TESTER  — 

•  Typical  of  Simpson  Testing 
Instruments  is  this  Model  260 
for  television  and  general 
servicing  with  ranges  to 
5,000  volts  A.C.  and  D.C.  at 
20,000  ohms  per  volt  D.C. 

1.000  ohms  per  volt  A.C. 
Negligible  current  consump¬ 
tion  means  extreme  sensitiv¬ 
ity.  Resistance  ranges  from 
V'2  ohm  to  10  megohms;  decibel 
ranges  from  — 1^  * 
to  4  S2DB.  Model  $QT50 
260  is  priced  at  "  * 


OUTWARD 

beauty  is  onl 
the  start  of  the  Simpson 
story.  The  real  story  is  that 
bridge  type  movement  with  soft  iron 
pole  pieces  illustrated  above  heart 
of  all  Simpson  Instruments. 

Here  is  a  better  type  of  construc¬ 
tion  expressed  in  finer  workmanship. 
Yet  it  is  found  in  instruments  so 
moderately  priced  that  they  have 
won  undisputed  right  to  be  called 
"the  world's  greatest  value  in  elec¬ 
trical  metering  devices." 

Ask  for  bulletins  describing  ten 
models  covering  all  requirements. 

SIMPSON  ELECTRIC  CO. 

5212  Kinzie  Street,  Chicago.  III. 
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4ZMP 


Z7MP 


915  W  VAN  8UREN  ST  •  CHICAGO.  USA 


NEW  ULTRA  HIGH  FREQUENCY- 

MICROVOLTER 


New  relays  available  from  Allied  ('on- 
trol  Co.,  227  Fulton  St.,  New  York 
City,  are  precision  made  and  are  most 
suitable  for  thermal  regulators,  elec¬ 
tronic  devices,  ultra-sensitive  control 
circuits,  and  in  low  current  supervised 
circuits  such  as  buru-lar  and  fire 
alarms,  voltacfe  control  circuits,  tim- 
injr  devices,  etc.  They  develop  hi^rh 
contact  pressure  and  adeiiuate  wip- 


•  Frequency  range  3  to  175  megacycles 

•  Low  Resistance  Attenuator 

•  Terminated  Transmission  Line 

•  Output  .2  to  100,000  microvolts 

•  Panel  Jack  for  2  volts  output 

•  400-1000  cycles  and  External  Modu¬ 

lation 


Write  for  details  of  this  and 
other  instruments  of  our  manu¬ 
facture 


Boonton, 
New  Jersey 


FERRIS  INSTRUMENT  CORPORATION 


For  Quality  Reproduction 
Use 

Oxford  Speakers 

Precision  built  to  exacting  specifications 
OXFORD  Permag  and  Elec:ro-dynamic 
speakers  ranging  in  size  from  2  to  14 
will  fill  the  bill  no  matter  what  the 
application. 


Send  us  your  specifications  for  prompt 
guotations  or  write  Dept.  E7  for  further 
information. 


Bringing  you  an 


“INSIDE” 
PICTURE  OF 
TELEVISION 


More  siirnal  jiower  per  kw  injiut  is 
realize*!  in  a  new  air-co*»led  50  kw 
transmitter  manufactured  by  the 
Westinjrhouse  K.  &  M.  (’**.  for  com¬ 
mercial  bioadcasters.  .A  new  circuit 
design,  resultinir  in  17.5  per  cent  over¬ 
all  efficiency,  reduces  opcratinir  costs. 
The  use  of  air-c*>oled  ulu-s  in  all 
stajres  eliminates  water  j'ackets, 
pumps,  coolinir  radiators,  water  stor- 
aire  tanks,  distilled  wa„er,  and  at¬ 
tendant  expense.  Excejit  for  the  main 
hi^h  voltage  rectifier,  metal  rectifiers 
of  practically  unlimited  life  are  used 
throughout.  Some  of  the  other  fea¬ 
tures  incorporate*!  in  thi.^  new  trans¬ 
mitter  are  e*iualized  fee*lback  in  au*li*' 
system,  variable  compressed  ijas  c*)n 
*lensers,  fuseless  overload  pnitection. 
spare  rectifier  tube  at  operating 
temperature,  ease  of  a*ljustment,  an*i 
the  conservative  operation  of  all  tubes. 
The  actual  space  reciuired  for  the  eijrhl 
unit  cubicles  of  the  type  HG  trails 
mitter,  includinfr  the  main  rectifier 
unit,  is  32J  feet  wi*le,  54  ins  *leep,  and 
84  ins  hifrh.  Approximately  an  e*iuiva- 
lent  space  is  also  required  for  suppb- 
mentary  equipment  such  as  modula¬ 
tion  transformer,  Heising  choke,  main 
plate  transformer,  and  voltajre  reLtula- 
tors. 


•  explains  its  developments, 
set-up,  problems,  operation 

•  gives  complete  b  a  c  k  • 
ground  of  television 

•  covers  business  as  well  as 
technical  aspects  of  tele¬ 
vision 


By  LENOX  R.  LOHR 

Formerly  President,  National  Broadcasting  Company,  Inc. 

With  a  Foreword  by 

DAVID  SARNOFP 

Just  Out  274  pages,  6x9,  illustrated  $3.00 

This  unusual  manual  shows  you  the  results  ot  foremost 
American  experience  with  television — describes  its  set-up 
and  methods  of  operation— discusses  the  many  considera¬ 
tions  of  putting  programs  on  the  air — explains  its  problems, 
economical,  technical,  legal — everything  that  will  give  those 
in  the  radio,  business,  advertising,  and  entertainment  fields 
the  most  authoritative  and  practical  basis  for  consideration 
of  the  ir  many  questions  relating  to  television. 


SEE  THE  WIDE  RANGE  OF  DATA 

in  these 

1 6  CHAPTERS  AND  APPENDICES 


1.  Televiiion  and  Society. 

2.  The  Television  System 

3.  Putting  the  Television  System 

to  Work 

4.  Television  Programing  —  Basic 

Considerations 

5.  Studio  Programs 

6.  Motion-picture  Film  Programs 

7.  Outdoor  Pickup  Broadcasts 

8.  The  Problem  of  Network  Tele¬ 

vision  Broadcasting 

9.  Basic  Economic  Factors 

10.  The  Sponsor  in  Television 

11.  The  Legal  Aspects  of  Television 

Service 

12.  The  Technical  Elements  of  the 

Television  System 

13.  Summary  of  Regular  S'^rvice 

Operations 

A.  “The  Three  Garridebs’’ 

B.  Rules  of  the  Federal  Communi¬ 

cations  Commission  Governing 
Television  Broadcast  Stations 


1 0  Days’  Free  Examination — Mail  This  Coupon 


McGRAW-HILL  BOOK  CO..  Inc...  330  W.  42nd  St..  N.  Y. 

Send  me  liOlir's  Television  KnRineerini!  for  1(1  divs'  examli 
on  approval.  In  1(1  days  I  will  send  J.’i.no.  plus  few  cents  p 
or  return  book  postpaid.  (l*os(aKe  paid  on  orders  aeeomparii 
remittance. ) 

Name  . 

.kddress  . 

City  and  State  . 

Po.sitlon  . 

Company  . . 

(Books  sent  on  approval  in  r.  S.  and  ('anada  only.) 


Ifim  KLKCTROMCS 
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NEW  SUPER  HI-POWER  GENEMOTOR 


for  Heavy  Duty  Service 

f '  °  ^'9^  standard  for  Power  Units  used  on  Marine, 

I  Police,  and  Aircraft  Radio.  The  exceptional  Hi  Effi- 

W''  X  J'nall  weight  are  the  result  of  a 

'\  new  type,  one  piece  field  ring,  and  armature  design. 

,  S  ' Grease  packed  ball  bearings  require  no  oiling  or  atten- 

(  ^  H  W,,gl  tion.  Double  enamel  and  silk  wire  on  armature  insure 

trouble-free  operation/  end  dust  cover  removable.  Made 
in  two  sites,  1  50  and  225  watt  output,  up  to  1000  volts, 
input  5.5  volt  and  up. 

150  Won,  Weight  13 ‘/i  Ibi.  There  is  a  Carter  Genemotor  or  Converter  for  every 

•Vi"Long,4V2"WWf,  5"High  requirement.  Write  for  further  information 


(BARTER  ]^OTOR  £,0 


CHICAGO,  ILLINOIS 


1606  MILWAUKEE  AVENUE 


Traii.«>iiiittiii^  Tube 

A  new  GL-8G‘.)-B  mercuiy  vapor  reeti- 
fier  eniployinir  a  horizontal  mesh  tila- 
nient  has  been  introduced  by  the  Gen¬ 
eral  Electric  Co.,  Schenectady.  N.  Y. 
The  filament  structure  of  this  new 
tube,  proved  in  both  the  GL-2()G-B  and 
GL-S,')7-B  tubes,  makes  it  possible  to 
double  the  avera^re  anode  current  of 
previous  HG'.l’s  when  filaments  are  con¬ 
nected  in  quadrature.  The  GL-SGP-B 
is  expected  to  find  considerable  appli- 


Advance  Relay s 


PROFESSIONAL 

SERVICES 


(Rater  on  Application) 


BROWNING 
LABORATORIES,  INC. 

Design — Development — Construction 
Electronic  Apparatus  of  all  Types 
Radio — Amplifiers — Controls 
Frequency  Modulation  Equipment 
'50  Main  St.  Winchester.  Mass. 

Phone;  Win.  2121 


Actual  Size 


ELECTRICAL  TESTING 
LABORATORIES 

Characteristics 
of  Vacuum  Tube.s 

Tests  of  photo  cells,  alow  lamps,  crater  lamps, 
Ttests  of  electronic  and  optical  devices 
East  End  Avenue  and  79th  Street 
New  York,  N.  Y. 

Phone:  Butterfield  8-2fin0 


.An  “honest  to  goodness”  Midget  Relay; — ^  — 
easily  capable  ot  doing  a  "man  sized  job  . 

Entirely  of  ungrounded  construction  and  ecinipped 
with  a  singie  mounting  stud  for  “hand,."  in¬ 
stallation. 

DIMESSION'? — 1',"  X  yi" — just  slightly  smaller 
than  an  AlRM.All.  ST.AMP.  .  .  I 

CDII.S— 1..S  to  115V  .\.t'.  or  2  to  .12V  1>.('..  in 
resistances  to  1000  ohms. 

CO.M'.ACTS— DP  .‘IT  and  DP  DT  to  safely 
handle  up  to  200  watt  .\.f.  liKids. 

Prices  and  technical  data  on  receipt  of  your 
letterhead. 


HAROLD  j.  McCreary 

Mem.  A.I.E.E.  &  W.S.E. 

Consulting  Enginoor 

Laboratoiy  Fseilities 
Research  Electronics 

Development  Television 

Design  Radio 

Factory  I*ractire  Railroad  Signaling 

Patent  Studies  Teiephon.v 

IDS  W.  Adams  St.  Phone  STate  4003  Chicago.  III. 


advance 

ELECTRIC  COMPANY 

1260  W.  2nd  Sf..  Los  Angelos,  Calif. 

Dielay  Manufacturers 


cation  in  .'iO-kw  frequency  mtitlulafed 
transmitters.  It  supersedes  the 
GL-SGll-A. 

When  usimr  in-phase  filament  ex¬ 
citation,  the  GL-SGII-B  is  capable  of  a 
maximum  inverse  anode  voltaire  of 
20,000  volts  with  natural  ventilation. 
The  averapre  maximum  anode  current 
at  25  ops  and  above  is  10  amps.  For 
quadrature  filament  excitation,  the 
averajre  maximum  anode  current  is  15 
amps.  The  maximum  peak  inverse 
anode  voltafre  is  15,000  volts  usinjr 
forced  ventilation. 


.  F.  H.  SHEPARD.  JR. 

CONSULTING  ENGINEER 
ELECTRONIC  APPLICATIONS 
Specializing  In: 

Industrial  Control  Siieeial  Amplifier  Design 

Follow-Dp  Devices  Photoelei’trie  Apiilleatinns 

Radio  and  Carrier  Operated  Remote  Control 

6167  Cedar  Ave..  Merohanlville,  N.  J. 
Telephone  Merchant ville  1111 


CETRON 

PHOTO  CELLS  aiH  OECTIFIERS 


Flinch  Telecommunications,  Inc.,  Pas¬ 
saic,  N.  .1.,  have  available  a  duplex 
facsimile  unit  designed  to  transmit 
and  receive  facsimile  simultaneously. 
It  is  suited  for  mobile  use  in  connec¬ 
tion  with  a  portable  radio  transmitter. 
Housed  in  a  streamlined  case  with  a 
window  which  permits  easy  view  of 
the  printer  in  operation,  ’,he  unit  has 
one  drum  which  holds  the  copy  to  he 
transmitted,  and  a  second  drum  which 
holds  the  copy  beinp  received.  Both 
actions  are  independent.  The  self- 
synehronizinp:  system  of  t.ie  unit  keeps 
all  recorders  in  step  with  the  trans¬ 
mitter  without  interference  with  aural 
programs. 


the  accepted  standard 
with  which  all  others  are  compared 


Continental  Electric  Co. 

715  HAMILTON  ST.  GENEVA.  ILLINOIS 


Circulars  and  Prices  on  Request 


Pulse-Generating 

Circuits 


and  R,  are  given  elsewhere  .  Tin 
width  of  the  narrower  pulse  gen¬ 
erated  by  this  arrangement  for 
C,  =  .001  /if  and  R,  =  10,000  ohm- 
is  of  the  order  of  100  micro.second.'^ 
The  peak  is  about  100  volts. 
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Copies  of  the 
RADIO  FREQUENCY  CHART 


published  with  this  issue  are  available  for  '■25 
eents,  mailed  unfolded  in  a  tube,  suitable  for 
framing  or  <lesk-top  use.  ('opies  of  I  he  eolored 
ehart  of  the  ether,  radio,  audio  and  photoeleelrie 
speetra,  published  in  the  .\pril  104(1  issue,  are 
available  at  the  same  priee.  Orders  of  either 
ehart  for  25  eopies  or  more  are  filled  at  1.5  eents 
eaeh.  Speeify  whether  the  radio  freipieney  chart 
or  the  eolored  speetriiiu  ehart  is  desired,  .\ddiess 
requests,  with  remittanee.  to  the  editorial  secre¬ 
tary.  Eleetronies,  fi.iO  West  4'2nd  St..  \<'w  York. 


Searchlight  Section 


EMPLOYMENT  : 
BUSINESS  : 


(Classified  Advertising) 

OPPORTUNITIES' 


:  EQUIPMENT 
:  USED  OR  RESALE 


UNDISPLAYED  - RATE 

10  Cents  a  Word.  Minimum  Charge  $2.00 

Positions  Wanted  (full  or  part  time  salaried 
employment  only)  54  the  above  rates 
payalile  in  advance. 

Box  Numbers — Care  ot  publication  New 
York,  Cliloago  or  San  Franciaco  offices 
fount  as  10  words. 

Discount  of  10%  if  full  pa.vment  is  made 
in  advance  for  4  consecutive  insertions. 


DISPLAYED 


fur 


Individual  fipares  with  border  rules 
liromiiient  displa.v  ot  advertlsrmients. 

Tile  advertising  rate  is  $6.00  per  inch  for 
all  advertising  ap|M-aring  on  other  tliaii 
a  coiitrai't  basis.  Contract  rates  qiiotHl 
on  rixjuest. 

An  advertieina  ine/i  is  measureil  74”  ver¬ 
tically  on  a  column  —  3  columns  —  .‘iO 
inches  to  a  iiugo. 


HIGH  GRADE  USED 

ELECTRON  TUBE  MACHINERY 

Huge  Stock  of  Every  Type  and  Variety 
KAHLE  ENGINEERING  CORPORATION 
Specialists  in  Kguipmem  tor  the  manutacture  of 
Neon  Tubes.  Radio  Tubes.  Incandescent  Lamps, 
Photo  Cells.  X-ray  Tubes,  etc. 

900  DeMott  St.,  North  Bergen,  N.  J. 


POSITIONS  WANTED 

(See  also  "Salesman  Available") 


New  Books 


DEPENDABLE 

ELECTRONIC  TUBE  EQUIPMENT 

Complete  line  of  used  euuipment  for  the  manufac¬ 
ture  of  Radio  Tubes.  Neon  Tubes.  Incandescent 
Lamps,  etc.  Write  for  Bulletin  showing  25  to  75% 
savings. 

C.4LLITE  TLNG8TEN  CORPORATION 
formerly  Eitler  Electric  Corp. 

534  39th  Street,  Union  City,  N.  J. 


We  are  In  the  market  for  the  foIlowlnK  5 

VACUUM  TUBE  MACHINERY  | 

•  8-head  stem  machinea.  | 

•  4-head  flare  marhinea.  I 

e  Dumet  wire  cutter  and  bender,  etc.  I 

Communicate  teith  I 

INTERNATIONAL  NEON  PRODUCTS  I 

16  N.  May  8t,  Chlraro,  Ill.  i 


PHYSICIST — Nine  years  experience  in  design. 

development,  production  and  ai>|)Iicution  of 
high  vacuum  and  gaseous  discharge  tubes 
PW-243.  Electronics,  330  W.  42nd  St  .  .New 
York  City. 


STUDIO  ENGINEER  now  connected  with  Mid¬ 
west  NHC  outlet.  Pre.sent  position  two  ami 
one  half  years'  .satisfactory  record.  Age  22, 
hold  1st  Telephone  and  2nd  Telegraph  (Gradu¬ 
ate  of  RCAI.  PW-206.  Electronics.  620  N 
Michigan  Ave.,  Chicago,  Ill. 


SALESMAN  AVAILABLE 


SALES  ORGANIZATION.  Well  established 
and  actiuainted  with  radio  and  Electrical 
Manufacturing  industries  in  Chicago,  Indiana 
and  Ohio.  Sales  and  office  staff,  shipiiing  and 
warehousing  faeilities.  Available  for  bona  fide 
established  corniionents  manufacturer.  SA-205. 
Electronics,  520  N.  .Michigan  Ave.,  Chicago,  111. 


INSTRUCTIONS 


Commercial  Radio  Operators  Examination 
Questions  and  answers  two  dollars  per 
element.  G.  C.  Waller,  6340  E.  AVashington 
Blvd.,  Tulsa.  Okla. 


(Ctnitiuiicd  frotn  /*«//*'  J2* 


Cathode-Ray  Tubes 

By  Manfred  Von  Ardenne.  Tmns- 
lated  by  G.  S.  McGregor  and  R.  C. 
Walker.  Isaac  Ritttian  and  Sons,  Ltd, 
London  (Litman  Publishing  Cory., 
Sew  York),  530  gages,  iH.'s  illus¬ 

trations.  Priee  $12.50. 

This  book  is  an  exhai'.stive  tkeat- 
MENT  of  cathode-ray  practice  in  Eu¬ 
rope  (jiarticularly  in  Germany)  from 
the  early  history  of  the  art  to  the  year 
1937.  The  original  German  edition 
was  written  in  1933,  and  the  English 
translation  three  years  later.  The 
hook  is  authoritative  and  covers  a  wide 
range  of  subjects  but  its  usefulness  to 
American  readers  is  somewhat  limited 
by  its  high  price,  by  the  emphasis  on 
gas-foeused  tubes  (which  are  virtually 
unknown  in  the  U.S.)  and  by  the  fact 
that  many  of  the  more  up-to-the-min¬ 
ute  applications  and  practices  are  not 
included.  Nevertheless  the  basic  prin¬ 
ciples  of  cathode-ray  production  and 
deflection,  characteristics  of  phosphors, 
auxiliary  apparatus  and  applications 
are  thoroughly  covered.  To  specialists 
in  the  field,  the  hook  will  prove  worth¬ 
while  for  its  thorough  discussion  of 
many  of  the  second-order  effects  which 
influence  the  formation  and  deflection 
of  electron  beams  in  various  types  of 
electron  guns,  at  high  frequencies,  etc. 

The  first  part  of  the  hook  is  con¬ 
cerned  with  the  cathode-ray  tube  it¬ 
self,  including  the  theory  of  the  electron 
gun,  deflection  systems,  effect  of  gas 
on  focusing,  modulation  of  the  beam 
by  anode  voltage  variation  and  by  con¬ 
trol  grid,  as  well  as  practical  construc¬ 
tions  of  c-r  tubes  (mostly  of  European 
design).  The  second  part  deals  with 
accessory  apparatus,  power  supplies, 
sweep  circuits,  signal  amplifiers,  ca¬ 
pacitive-  and  direct-coi  pled,  audio¬ 
frequency  and  mechanical  vibration 
auxiliaries.  The  principles  of  photo¬ 
graphing  cathode-ray  tu'ie  traces  arc 
thoroughly  discussed  in  this  .section. 

The  third  chapter  pre.^ents  an  en- 
cylocopedic  review  of  eijuipment  foi 
making  measurements  with  c-r  tubes 
including  observation  of  the  path  of 
the  ray,  uses  in  high  frequency  tech¬ 
nique,  tracing  characteristic  curve.';, 
making  audio  frequency  studies,  meas¬ 
uring  modulation  percentage,  distor 
tion,  measurements  in  mechanical  engi 
neering  and  in  medical  research.  Thi 
last  sections,  on  the  c-r  tube  as  ai 
operating  unit,  treat  its  functions  ii 
sound  recording  and  in  television  rc 
ception.  The  latter  material  is  consid 
erably  out  of  date  judged  by  present 
standards.  Complete  bibliographic- 
and  a  useful  index  are  included. — d.g.i- 
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Figure  3A  shows  the  wiring 
diagram  of  a  pulser  which  was 
desipned  for  use  in  ionosphere  re¬ 
search.  Like  the  circuit  just  de¬ 
scribed.  it  also  uses  hiph  vacuum 
tubes  and  standard  radio  parts.  The 
l)ulse  at  the  output  terminals  is 
less  than  200  microseconds  at  the 
base  line.  The  operation  of  this  de¬ 
vice  is  as  follows. 


7'A»  Ht'cfitif  r  I‘itlsr  (’irriiit 


A  small  .‘ioO-O-.'loO  volt  power 
transformer  of  the  type  used  in 
radio  receivers,  and  a  sinple  type 
HO  tlouble  diode  are  connected  in 
a  conventional  full  wave  rectifier  cir¬ 
cuit  and  feed  into  a  5,000-ohm  load. 
The  voltape  of  the  rectified  wave 
is  shown  on  Fip.  3H.  It  should  be 
noted  that  a  portion  of  this  wave, 
havinp  the  shape  of  a  V,  is 
formed  by  the  two  half  cycles  as 
they  meet  at  the  zero  axis.  If  the 
l»eak  voltape  is  500  and  the  apex  of 
the  V  is  10  volts  measured  from 
the  zero  line,  the  correspondinp 
time  interval  represented  by  the 
base  of  the  V  is 


Mil  ‘  10  .Vio  1 

—  y  __ 

lyr  iMi 


=  PH)  iiiirr<>s«*c()ii»ls 


If  this  V-shaped  iiortion  can  now 
be  separated  from  the  rest  of  the 
wave  and  then  ami)lified  it  will  re¬ 
sult  in  a  pulse  the  width  of  which 
at  the  base  is  of  the  order  of  100 
microseconds.  The  rest  of  the  cir¬ 
cuit  shown  on  the  Fipure  is  ar- 
ranped  to  accomplish  this  result. 

The  voltape  wave  across  the  rec¬ 
tifier  load  is  first  shifted  to  a  new 
zero  axis  by  means  of  the  8  /if 
couplinp  conden.ser.  The  capaci¬ 
tance  of  this  condenser  is  purposely 
chosen  so  that  its  impedance  is  nep- 
lipible.  The  voltape  applied  to  the 
type  76  triode  is  essentially  the  .same 
as  that  across  the  bleeder,  Fip.  3C. 
This  tube  acts  as  a  rectifier,  and 
alternate  peak  suppres.sor.  Thus 
'ince  the  voltape  to  the  plate  of  the 
tube  is  alternating  the  tube  will 
conduct  only  during  the  portions  of 
the  cycle  when  the  plate  is  positive 
vith  respect  to  cathode.  Further¬ 
more  since  an  alternating  potential 
IS  used  on  the  grid  some  positive 
peaks  will  be  passed  freely  while 
"thers  will  be  suppre.s.sed  if  they 
arrive  at  the  instant  when  the  grid 
I'otential  is  very  negative.  With 
this  arrangement  alternate  peaks  of 


the  plate  voltage  are  suppressed  i 
while  the  remaining  ones  are  passed. 
This  is  done  by  shifting  the  grid 
a-c  voltape  90  electrical  deprees  with 
respect  to  the  line  voltape.  The 
prid  of  the  76  receives  a  voltape  suf¬ 
ficient  to  “wipe  off’  alternate  peaks. 

The  phase  shift  is  accomplished 
l>y  placing  a  network  consisting  of  1 
the  condenser  C,  and  resistor  Rx 
in  series  across  a  6.3-volt  winding 
of  the  power  transformer.  The  al¬ 
ternating  voltage  applied  to  the  grid 
of  the  76  triode  is  obtained  as  shown 
on  the  diagram.  This  arrangement 
makes  possible  an  output  voltape  , 
across  the  resistor  R,  of  a  shape 
shown  on  Fip.  3D. 

This  voltape  is  next  applied  to 
the  6C6  pentode  biased  beyond  cut 
off.  By  properly  adjusting  the  bias 
on  the  jientode  an  output  voltape 
of  the  form  shown  on  Fip.  3E  is 
obtained.  The  amplitude  of  the 
pulse  is  about  100  volts.  ! 

The  d-c  potentials  rerpiired  for 
the  jilate,  screen  and  control  prid 
of  the  pentode  are  readily  obtained 
from  the  high  side  of  the  jmwer  j 
transformer  by  means  of  a  separate  j 
rectifier.  Since  the  total  d-c  power 
reipiired  is  small  a  simple  filter  cir¬ 
cuit  may  be  used. 

The  pulses  generated  by  the  meth¬ 
ods  described  here  in  general  must 
be  applied  to  the  controlled  circuit 
at  the  i)roper  instant.  This  can  be 
done  very  readily  if  the  input  to 
the  pulser  is  obtained  from  the 
power  line  through  a  phase  shifting 
device.  A  small  wound-rotor  in¬ 
duction  motor  may  be  used  for  this 
luirpose.  The  authors,  however, 
jirefer  a  pha.se  shifter  of  the  type 
shown  on  Fip.  4.  because  of  its  sim- 
jilicity  and  low  cost.  The  only  pre¬ 
caution  to  be  observed  in  construct¬ 
ing  such  a  device  is  that  the 
components  used  have  the  proper 
rating.  The  range  possible  with  such 
an  arrangement  is  from  about  15 
deprees  to  165  degrees.  And  addi¬ 
tional  phase  shift  of  the  same 
amount,  of  course,  may  be  secured 
by  reversing  the  primary  leads  of 
the  power  transformer  with  a  double 
pole  double  throw  switch. 
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The  TYPE  174  COMPRES¬ 
SED  GAS  CONDENSER 
is  the  complete  solution 
to  your  tank  and  antenna 
tuning  problems. 


WRITE  FOR  DATA 


HEINTZ*-^  KAUFMAN 


soum  SAN  flUNCSCOX  ITt.  /  CAUFORNIA  U  S  A- 


A  Complete  Range  of  Sizes 
and  Alloys  for 
ir  TRANSMiniNG  TUBES 

★  RECEIVING  TUBES 

★  BATTERY  TUBES 

★  HEARING-AID  TUBES 

Melted  and  worked  under  close 
supervision  to  assure  maximum 
emissivity,  uniformity  and  the 
highest  tensile  strength 


WIRES  drawn  to  .0004"  diam. 
RIBBON  rolled  to  .0001"  diam. 
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SPECIAL  ALLOYS  made  to  meet 
individual  specifications 

Write  for  list  of  stock  Alloys 
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British  Patents 


EI«M’lroii  TiiIm*  Applioalioiis 


Machine  Control.  A  grinding  or 
polishing  machine  for  treating  metal 
sheets,  etc.,  comprises  an  endless  abra¬ 
sive  belt  moving  parallel  to  the  move¬ 
ment  of  a  reciprocating  work  table,  and 
also  has  lateral  movement  to  distribute 
wear  and  avoid  scratching  the  work. 
The  motor  is  controlled  automatically 
to  shift  the  belt  through  a  predeter¬ 
mined  range  by  means  of  two  photo¬ 
electric  cells  arranged  so  that  when 
the  edge  of  the  belt  interrupts  a  beam 
of  light  from  a  source  the  motor  runs 
forward,  and  when  the  edge  allows  a 
beam  of  light  from  another  source  to 
reach  the  second  cell  the  motor  is 
reversed.  Mattison  Machine  Works. 
No.  .'j02,S9«. 
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We  manufacture  a  complete  line  of  equipment 


SIH>T  WTI.DKUS,  electric,  from  >4  to  500  KVA  AC  ARC 
TR.V.N'sr'oU.MKR.s.  special  ami  stamlard  t>pe<  WKIJ)KR.s 

1XCANI)K.''CK.\T  I.A.MI*  maniifacturinn  oiuipment  From  loO  to 
JI.XDIO  TCIIKS,  cx  ray  cafliiaie  ray.  photo  cells  400  .Amps. 
F.I.KCTROXIC  Koril’.MKNT.  vacuum  pumps,  etc. 

TCNO.STKX  Sl.CliS.  ro<l  amt  wire  manufacturing  e<iuipment 
(JK.NKU.M,  f:i.AS.s  workiriK  machines  ami  burners 
COl.i  KIJK  (JI..VSS  workinit  units  for  students  an<l  lalioratorv 
KISI.F.K  KNGINKKRING  COMI’.ANY,  CHAS.  EISLER.  Prei. 
751  So.  13th  St.  (near  Avon  Ave.) _ Newark.  New  Jersey 


VACUUM  TUBES  AND 
ELECTRONIC  DEVICES 


L  A 


Printing  Control.  In  multi-color 
printing  on  substantially  cylindrical 
articles  such  as  bottles,  cans,  etc.,  a 
photo-electric  device  is  provided  to 
determine  the  position  of  the  article 
about  its  axis  to  ensure  correct  regis¬ 
tration.  K.  Shurley.  No.  507,089. 


Design.  Development  and  Construction  of 
tubes  and  circuits. 


VACUTRON,  INC. 

t.  Mouth  .Arlington,  Va. 


SIGNAL  &  INDICATOR 


PILOT  LIGHTS 


Level  Determination.  A  device  for 
determining  the  level  or  height  of  sub¬ 
stances  or  litiuids  in  containers  or  for 
testing  the  dimensions  of  articles  ac¬ 
cording  to  predetermined  tolerance 
limits  comprises  a  source  of  light  for 
projecting  a  spot  of  light  at  an  angle 
on  the  surface  of  the  substance  and  a 
light  sensitive  cell  located  so  as  to 
control  ejecting  or  other  mechanism  in 
relation  to  a  predetermined  level  or 
size.  V.  H.  Gilbert.  No.  507,185. 


FI^E  IIIIIIIO:%5i» 

of  TunANtPn.  .Molybdonum  and 
Sporlal  .illoyw 

To  yenir  specifications 

II.  I  lUISS 


for  all  electrical  devices. 


IS  ItKKKMAN  ST. 


-NEW  YOKK 


V)fRITE  FOR  CATALOGUE 
showing  a  complete  line  oF 
assemblies  For  all  purposes. 

SIGNAL  INDICATOR  Corp. 

140  CEDAR  ST,  NEW  YORK.  N.Y. 


CONSOLIDATED  ENGINEERING  CORPORATION 


ELECTRONIC  ★  OPTICAL  ★  VIBRATION  ENGINEERING  AND  RESEARCH 
INSTRUMENT  DEVELOPMENT  AND  MANUFACTURE  ★  PATENT  STUDIES 

1255  EAST  GREEN  STREET.  PASADENA,  CALIFORNIA 


ELECTRON  TUBE  PARTS 


Fluorescent  .Materials.  A  blue-fluores-  ' 
cent  material  is  prepared  by  heating  ' 
together  the  oxides  of  calcium  and 
tungsten,  the  CaO  being  in  excess  of 
the  amount  required  by  the  formula 
<'aWO„  e.g.  21  parts  by  weight  of  cal-  | 
cium  oxide  to  70  parts  of  tungstic 
oxide.  Instead  of  the  oxides,  com- 
pounds  such  as  calcium  carbonate  and  , 
tungstic  acid  may  be  used,  which  yield 
the  oxides  during  the  heating  process. 

.V  lead  compound,  e.g.  the  acetate,  may 
be  added  to  provide  0.5  to  1.5  per  cent 
of  lead  as  activator.  The  material  may 
be  used  with  electric  discharge  lamps, 
and  in  particular  may  be  coated  on  the 
inner  surface  of  the  container  of  an 
electric  discharge  lamp  by  means  of 
a  binder,  or  may  be  embedded  in  or 
dusted  on  the  glass.  A  binder  such  as 
glycerine,  glycerine  and  boric  acid,  | 
phosporic  acid  diluted  if  necessary  , 
with  alcohol  or  acetone,  potassium  sili-  I 
cite,  an  ester  of  glycerine  with  boric  : 
acid,  caster  oil,  or  mineral  oil  is 
suitable.  Such  a  lamp  may  have  an 
ediciency  of  22  lumens  per  watt.  No. 
509,031.  British  Thomson-Houston  Co.  , 


WHAT  CAN  IT  DO 
FOR  ME " 


QUALITY  AU  Tkik*  EST.  18  YEARS 

Seal  Finish  Tunnten  Welds 
Tunfar  Welds  Coil  Springs 
Filament  Hooka  Bases 

Spot  Weldon  Caps 

Stem  Wiro  Cutting  A  Forming  Machines 


‘‘The  Engineering  Co."ofNewarl(,N.J.,lnc. 


Daniel  KondakJIan.  Prrt. 

59  Branford  Str^  Newark.  N.  J. 


AdTartising  that  is  raad  with  thia  thought 
in  mind,  may  provida  ths  solution  to  a 
problem  that  has  kept  you  awake  nights 
ior  weeks. 


A  C  T  O  N  E 


Remember,  back  oi  the  signature  oi  every 
Electronic  advertiser  is  another  organisa¬ 
tion,  whose  members  hove  thought  long 
and  hard  about  your  business  in  the 
course  oi  introducing  and  applying  their 
products  or  services  to  your  industry. 


CUniNG  STYLI 


For  recording  dirtet  on  all  coated  alumi. 
num  or  papor  base  discs.  Individually 
4appad  for  a  quiat,  high  quality  cut. 


M.  W.  ACTON  CO..  Inc.,  370  7th  Af».,  New  York 


If  their  offering!  can  improve  the  quality 
of  your  company's  product  ...  or  save 
your  company's  money  .  .  .  they  can 
contribute  to  your  company's  income. 


FILTERS— EQUALIZERS 


We  all  know,  "It  pays  to  advertise."  It 
pays  lust  os  big  to  investigate  what  is 
advertised! 


Each  month.  Electronics  advertisers,  old 
ond  new,  invite  you  and  over  14,000 
other  subscribers  to  investigate  further 
the  advantages  they  can  provide. 


Lattice  BridKcd-T  Parallele<l-T  etc. 
Dcxlinipd  and  manufactured 
Submit  your  filter  problem 

HOLLYWOOD  TRANSFORMER  CO. 

<364  Melroae  Ave.  Hollywood.  Calif. 


Find  nvhat  you  are  looking  forf  O 
If  this  or  other  advertising  in  f 


Departmental  Staff 
ELECTRONICS 


If  this  or  other  advertising  in 
this  issue  does  not  supply  the 
information  of  products  u-anted 
ivrite 

Electronics 

S.90  West  42nd  St..  New  York  Cltv 
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RELATE  D-FLUX 

MICIIODYXE 


Acheson  Colloids  Corp . 

Acme  Electric  A  Mfg.  Co . 

Acton  Co.,  Inc.,  H,  W . 

Advance  Electric  Co . 

Aerovox  Corp . 

Allied  Control  Co . 

American  Electro  Metal  Corp.,..'.... 

American  Lava  Corp . 

American  Microphone  Co . 

American  Transformer  Co . 

Audak  Co . 

Autocall  Co . 

Automatic  Electric  Co . 

Bakelite  Corp . 

Belden  Mfg.  Co . 

Biddle  Co.,  James  G . 

BlawKnox  Co . 

Bliley  Electric  Co . 

Boonton  Radio  Corp . 

Bud  Radio,  Inc . 

Callite  Tungsten  Corp . 

Cannon  Electric  Development  Co . 

Capital  Radio  Engineering  Institute 

Carborundum  Co„  Globar  Oiv . 

Carter  Motor  Co . 

Centralab  Oiv,  Globe  Union,  Inc.,, 

Cinch  Manufacturing  Corp . 

Clarostat  Mfg.  Co . 

Cohn.  Sigmund  . 

Consolidated  Engineering  Corp . 

Continental  Electric  Co . 

Cornell-Dubilier  Electric  Corp . 

Cross,  H . 

Daven  Co . 

Doolittle  Radio.  Inc . 

Drake  Mfg.  Co . 

Driver  Co..  Wilbur  B . 

Du  Mont  Labs.,  Allen  B . 

Eicor  Inc . 

Eisler  Engineering  Co . 

Eitel-McCullough,  Inc . 

Engineering  Co.  of  Newark.  N.  J., 

Erie  Resistor  Corp . 

Fairchild  Aviation  Corp  . 

Ferranti  Electric.  Inc . 

Ferris  Instrument  Corp . 

Formica  Insulation  Co . 

General  Electric  Co . 

Guardian  Electric  Mfg.  Co  . 

Hallicrafters.  Inc . 

Hewlett-Packard  Co . 

Heintz  A  Kaufman.  Ltd . 

Hollywood  Transformer  Co . 

Hudson  Wire  Co . 

Hunter  Pressed  Steel  Co . 

Industrial  Timer  Corp . 

Instrument  Resistors,  Inc . 

International  Resistance  Co . 

Isolantite,  Inc . . 

Jensen  Radio  Mfg.  Co . 

Johnson  Co.,  E.  F . 

Jones.  Howard  B . 

Kenyon  Transformer  Co . 

Kester  Solder  Co . 

Kurman  Electric  Co . 

Lampkin  Laboratories  . 

Lapp  Insulator  Co . 

Lingo  A  Son,  Inc.,  John  E . 

Littelfuse,  Inc . 

Magnetic  Windings  Co . 

Mallory  A  Co..  P.  R . 

McGraw-Hill  Book  Co . 

Mica  Insulator  Co . 

Millen  Mfg.  Co.,  Inc.,  James  _ _ 

Ohmite  Mfg.  Co . 

Oxford-Tartak  Radio  Corp . 

Parker- Kainn  Corp . 

Pioneer  Gen-E-Motor  Corp . 

Precision  Apparatus  Co . 

Presto  Recording  Corp . 

Radio  City  Products  Co . 

Raytheon  Mfq.  Co . 

RCA  Manufacturing  Co . 

Richardson  Co . 

Selector  Mfg.  Corp . 

Shure  Bros . 

Signal  Indicator  Corp . 

Simpson  Electric  Co . 

Thomas  A  Skinner  Steel  Pds.  Co. 
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OST  important  wide  range  development  sime  the 
advent  of  the  pickup  in  1926.  The  “RELAYED- 
FLUX”  principle  makes  possible  a  moving  system, 
far  beyond  anything  yet  devised  ...  a  system  that 
actually  approaches  the  theoretical  ideal  of  zero  mass 
...  a  system  capable  of  reproducing  all  the  fine  de!ail 
engraved  at  the  original  recording. 


•  Flat  within  ±:  114  db  to  10,000  cycles. 

•  Delivers  consistently  uniform  response,  with 
the  sharp,  clean-cut  definition  of  the  finest 
Moving-Inductor  system. 

•  Vibratory-Momentum  near  vanishing  point. 

•  Absence  of  distortion. 

•  Free-floating  stylus. 

•  Designed  for  and  equipped  with  Jewel  Point. 

•  Point-pressure  about  18  grams. 

•  Immune  to  climatic  changes. 


77.  Fourth  Cov-r 
.  i4 


Write  for  details  on  this  truly  remarkable 
development.  .  .  .  Also  on  the  NEW  AlIDAX 
HIGH  FIDELITY  CUTTERS. 

Microdyne  models  for  every  purpose. 
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Professional  Services 


JOO  Fifth  Avenue  lYew  Y^ork  City 

“Creafor«  of  High  Grade  Electrical  And 
Acoustical  Apparatus  since  1915.^^ 
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Callite  Tungsten  Cori) . 

International  Neon  PriHluct.s . 

Kahle  Engineering  Corp . 
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